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ABSTRACT
Suberization of cut seed pieces is a required prac­
tice  in most areas i f  successful potato (Solanum tuberosum 
L.) production is to be achieved. The objective of th is  study 
was to Investigate the effect displayed by several conditions 
on suberization in an attempt to promote a rapid and e f f i ­
cient corking over of cut seed pieces.
Of the conditions investigated in this study, the 
factors of temperature and humidity, oxygen supply, genetic 
differences among clones, chemical treatments, and fe r t i l iz a ­
tion levels displayed an Influence on suberization.
Storage at 68 degrees F., 85 per cent relative 
humidity resulted in the most effective combination of 
temperature and humidity for suberization to occur. Seed 
pieces suberlzed under these conditions possessed good 
surface color, were firm, and were devoid of surface 
molding and decay.
Clonal differences in response to limited oxygen 
supply were noted. The clone LaChipper, believed to possess 
the most effective inherent suberization ab ility , did not 
perform as well under these conditions as did the clone Red
x i
LaSoda, believed to have average suberization ab ility . The 
clone l- 21-60, a poor keeper, reacted equally as well as Red 
LaSoda to a limited oxygen stress. These observations, 
coupled with the results showing that no clonal differences 
in suberization rate or layer thickness existed among the 
clones chosen to represent a wide range of suberization on 
the basis of past performance, suggest that this process 
alone is not responsible for good keeping quality in storage 
or in planted seed pieces.
O n ly  four clones, L-71-79, L-71-179, L-71-194, and 
L-71-195, were rated as inferior when approximately 200 
first-year clones were screened for suberization ab ility .
This suggested that the c r ite r ia  used for screening were 
not severe enough to be effective.
Of the 46 chemical compounds, consisting of growth 
regulators, fatty acids, and co-enzymes screened for possible 
use as suberins, only Polyram, chlorogenic acid, Geigy 
65-14260, acetic acid, ADP* and ATP gave some evidence of 
affording protection against seed piece decay. Of these 
only Polyram was consistently better than the other trea t­
ments in production of Increased suberin layer thickness. 
Chlorogenic acid and Geigy 65-14260 resulted In desirable 
cut surfaces but gave no positive evidence of increasing 
suberization or wound periderm formation.
x l l
Several treatments, such aa UC 22463, acetic acid, 
and potassium hydroxide, stimulated the production of a 
case-hardened starch layer over the cut surfaces of seed 
pieces similar to that produced naturally in broken ends 
of sweet potatoes. This layer appeared to offer resistance 
to E. carotovora but provided a substrate for Rhlzopus sp. , 
an organism not normally a problem in potatoes.
Varying levels of phosphorous and potassium 
fe rtiliza tion  did not influence suberization, but the 
lower levels of potassium seemed to induce a thick wound 
periderm in seed pieces cut from tubers harvested from such 
treatments.
Cut surface, cracking under applied pressure was 
found to be unreliable as a rapid method of screening for 
suberization a b ili ty .
xiii
INTRODUCTION
The potato, So Ian urn tuberosum L., is  one of approxi­
mately 2,000 species found in the Solanaceae family. Con­
sumption of the edible tubers (underground stems) produced 
by th is  plant has enabled i t  to develop into the world's 
leading horticultural crop. Because of i ts  popularity, 
the potato is grown in every state in th is country. As a 
resu lt, there is not a single month in which i t  is  not 
being planted or harvested (37).
The suberization and corking over of wound surfaces 
of potatoes is a recommended practice whenever they are to 
be stored for any period of time (27). As e resu lt, i t  has 
become a matter of economic importance both from the stand­
point of protection against disease attack and from the 
standpoint of grower-management practices (47). The 
Importance of th is  physiological process has prompted 
Weiss et a l .  (92) to suggest that rapidity of suberization 
is a character that should be sought in the development of 
new varieties. Before a seedling is considered worthy of 
release, its performance in th is  respect should be known.
Akeley (2) and Kehr et a l .  (37) have suggested the 
following advantages which can be achieved in commercial
potato production through the use of pre-cut, properly 
suberised seed: tonnage of large tubers shipped to growers
Is reduced; better stands and yields are obtained, as seed 
pieces are less likely to shrivel in dry soils or to rot in 
wet soils; pre-cut seed can be packaged and shipped in 
burlap or paper sacks ready for planting without any further 
processing; the danger of loss from holding freshly cut 
seed due to adverse conditions is  reduced; seed growers 
have a better chance of maintaining disease-free stock; 
and more efficient use of labor can be made i f  seed is 
pre-cut before field work begins (48, 53).
The objectives of this study were to investigate 
the effect of several conditions on suberization in an 
attempt to promote a more rapid and efficient occurrence 




Although the exact origin of the p o t a t o  i s  n o t  k n o w n ,  
moat authorities (37, 49) believe i t  to be i n  the A n d e s  
Mountains of Peru and Chile. The early Spanish explorers 
are credited with introducing the potato into S p a i n  a n d  
Portugal as early as 1565. once i t  became e s t a b l i s h e d  i n  
Europe, i t s  use spread rapidly to Ita ly , to B e l g i u m ,  a n d  
to Germany by 1587. I t  is believed to h a v e  arrived i n  
Austria in 1588 and into France a n d  I r e l a n d  s o o n  a f t e r  
1600. Bie f i r s t  report of potatoes in E n g la n d  w a s  made 
in 1597 by an English botanist, Gerard, who p u b l i s h e d  
i l lu stra tions of a plant he called B a t a t a  v l r g i n i a n a .
A Swiss botanist, Kaspar Baukin, offered t h e  p r e s e n t  name 
of Solanure tuberosum a year earlie r , but i t  was n o t  u n t i l  
1753 that this name was o ff ic ia lly  adapted (37).
Ireland was the f i r s t  country in which t h e  p o t a t o  
became an important crop. I ts  importance g r e w  t o  s u c h  an  
extent that when late  blight destroyed the crop in 1840, a 
great famine occurred, and, as a resu lt, i t  has come to b e  
known as the Irish potato (37).
4I t  Is hot known when the potato was brought to the 
United States, but i t  is  believed that i t  probably entered 
this country by way of Bermuda in 1621 (11). Stevenson 
and Clark (85) indicated that potatoes were grown in the 
United States at Londonderry, New Hampshire in 1719.
Suberin, History, composition 
and Characteristics
According to Priestly (64), Chevreul is credited 
with coining the term ''suberin". This is the term he 
applied to a substance which he found to be insoluble in 
water and alcohol and which consisted of 70 per cent of the 
components of bottle  cork. Chevreul found this substance 
to be concentrated and constantly present within the cork 
cell walls.
In a review of other early workers. Priestly (63) 
stated that in 1877 van Hoknel released descriptions of 
cernic or cernic acid reactions in which suberin was 
completely oxidised in n itr ic  acid to a waxy substance.
He also observed that, when cell walls were heated, suberin 
went into solution. He concluded that suberin formed an 
intermediate median lamella unmixed with cellulose. Prom 
an assay of a suberin * alcoholic potash solution, Gilson 
established the presence of several organic acid which he 
termed suberogenic acids, included with these were phellonic
*
acid, phloionic acid, suberinic acid, and a traca of 
glycerine (63). Similar raaulta ware reported by Rawlins 
(66) .
In 1921, priestly (63) defined suberin as a name 
given to aggregates of substances which present certain 
characteristics in common, the aggregates being organic 
acids present to a small extent as glycerides or true fats 
and to a greater extent as condensation products or anhy­
drides of the acids.
Suberized potato walls contain very l i t t l e  neutral
fat and are comprised chiefly of chloroform soluble fatty
acids with glyceril or other compound ethers (66, 95).
Although most of the constituents of suberin melt at
o
temperatures below 100 C, they are deposited in a sub­
stance that does not do so (95). As pointed out by 
Cortrufo e t a l .  (13)* very l i t t l e  is  known about the 
fa tty  acids contained in the potato tuber. I t  is  generally 
accepted that the fa tty  acids are present as triglycerides 
and, upon transesterification (in v itro ) with methanolic 
sodium methoxlde, w ill yield corresponding monoglycerides.
A survey of the lite ra tu re  by Talburt et a l .  (87) indi­
cated that the average fat content (ether-extractable 
matter) of the potato is  in the neighborhood of 0.10% on 
a fresh weight basis and 0.21 -  0.26% on a dry weight basis
(13). The greatest concentration of ixpid uaterial is  
found in the periderm and the least In the vascular 
storage parenchyma and pith. The fat from the outer 
tuber tissue layers is reported to be a brown, viscous 
oil* while that from the inner tissue .'a light colored 
and butter-like in consistency. (87j.
Various workers (13, 29, 73, <37, 88) have reported 
the following fatty acids to be preseat in the suberin 
complexi linoleic, linolenic, o leic , stearic, myristic, 
palmitic, and lauric acids. Cortrufo et^  a l .  (13) declared 
that the fa tty  acids present in living tiSLU'3 contained an 
even number of carbon atoms. They ftund that linoleic 
acid was usually in the largest concentration and that 
three fatty acids, linoleic, palmitic, and linolenic 
constituted 86 per cent of the to ta l fatty  acid content. 
They also found that 67 per cent of i r .c  to ta l fatty acid 
content was of the unsaturated type. Tereshkovich (88) 
postulated that, although fatty  acids are responsible for 
suberization, i t  is  not known which single fatty acid or 
group of fa tty  acids are the most essential for i ts  
occurrence.
According to Meyer and Anderson (r l) ,  suberin is 
similar in many of i t s  properties to cutin. They described 
cutin as a mixture composed of free fa tty  acids, often
oxidized, and condensation products of the fatty  acids 
such as waxes and soaps with the fa tty  acids present being 
predominantly hydroxy-fatty acid. Suberin was described 
to be a mixture of substances consisting principally of 
condensation products and other modificationsof phellonlc, 
phelionionic and other similar acids. They considered the 
principal chemical distinction between cutin and suberin 
to be in the fatty  acid constituents, and glycerol was one 
of the hydrolytic products of suberin but not of cutin.
Both suberin and cutin have the general properties of being 
non-meltable (20), Insoluble in water, possess resistance 
to concentrated sulfuric acid, readily oxidized by n itr ic  
or chromic acid and readily soluble in warm alkali (52).
Zimmerman (95) related that suberized membranes, 
as well as the cuticle, showed a double refraction and 
that their optical axes are usually placed in the reverse 
position of cellulose walls. Discussing the work of 
Ambronna, Zimmerman (95) also conveyed that the double 
refraction disappeared on heating (100°C) and reappeared 
on subsequent cooling.
Suberization and Wound periderm Formation
Priestly and Swingle (64) have concluded that, when 
parenchymatous tissue was cut, the wound was immediately 
covered with sap and debris from crushed and broken cells
within the injury. As a resu lt, a sticky film which 
offered an ideal medium for pathogens. They were of the 
opinion that such changes were In itia ted  by the deposition 
upon the carbohydrates in the ce ll walls of a film which 
consisted of a varnish-like fatty  substance that rapidly 
oxidised and dried. A film of th is  nature resisted the 
digestion and direct physical penetration by micro-organisms 
when formed in time.
Livingston (46) related that Priestly and Woffenden 
suggested that the f i r s t  step of wound healing was a 
"blocking process" in which suberin deposition occurred.
The fa tty  substances comprising suberin were also suggested 
to have arisen from sap injected into the in tercellu lar 
spaces and cell walls of the wound area. This was 
accompanied by a temporary Increase in cellu lar permeability 
Induced by the injury i t s e l f  and the s t i l l  living proto­
plasts (64). Describing the work of Janse, Priestly and 
Swingle (64) noted that he claimed the fa tty  substances 
released from the protoplasts contained in the ce ll sap, 
lowered surface tension along the injury at the water-air 
surface. When sufficient a ir  was present, the fatty  sub­
stances were immediately converted to suberin. The position 
of the wound with respect to the vascular tissue was 
considered by Weiss et a l .  (92) to have an influence on the
rate of healing because the substance which stimulated 
wound healing diffused from the phloem. Livingston (46) 
speculated that the accumulation of sap diffused from 
the vascular system resulted in an acid reaction induced 
by the anaerobic conversion of sugars to fatty acids, 
iftierefore, the rapidity and effectiveness of suberin 
formation were dependent upon the access to free oxygen, 
the supply of sap at the cut surface and the pH of the 
sap. Bonner and English (9) maintained that these sub­
stances formed or liberated in the injured region were 
capable of inciting active growth in the bordering, un­
injured ce lls .
Brieger, as discussed by Priestly (63), illustra ted  
that a series of reactions occurred beneath the continuous 
suberin deposits. Starch disappeared, and respiratory 
and oxidase ac tiv ities  increased in this region. Hill
(30) stated that the f i r s t  chemical change to occur in 
wound cork formation was a breakdown of starch into glu­
cose with a marked increase in the amount of protoplasm.
He also noted that the starch near the surface was covered 
with suberized deposits which appeared on the cellulose 
walls after one .or two days. Livingston (46) concluded that 
starch depletion was largely a result of an Increased 
respiratory rate associated with the energy requiring
10
process of healing* He theorized that starch depletion 
below the injury and i t s  accumulation on the surface 
occurred as a result of starch being degraded and trans­
ported to the surface where i t  was reorganized as starch 
and served as part of the protective barrier. Artschwager 
(4) and weiroer and Harter (91) reported similar occurrences 
in sweet potatoes.
The Importance of starch to suberization was further 
emphasized by Herklots (28) who declared that, in many 
places where fats were seen in large quantities, starch had 
been absent or present in small amounts. He considered 
this as evidence that fatty substances were produced from 
carbohydrates reserves found in the ce lls . Leach (42) 
showed that potato seed pieces inoculated with black leg 
after starch had been removed were unable to cork off 
these organisms and rotted within three days.
Tereschkovich (88) observed suberization to progress 
gradually and centripetally usually through 2 or 3 cell 
layers. Priestly (63) proposed that ce ll division in the 
suberin layer was accompanied by enlargement of cells 
beneath this region. Cells cut off by the suberin layer 
showed a tendency for division and formed a second layer 
between the enlarged cells and the suberin deposits. Con­
tinued division netted an internal suberin lamellae
characterized by cork or periderm ceils (63).
According to Eames and MacDaniels (19) the peri­
derm consisted of three layers of tissue; the in itia ting  
layer of meristematic cells known as the phellogen, a 
layer of cells formed toward the outside of the phellogen 
(the phellem) and a layer formed to the Inside (the 
phelloderm). During phellogen formation, mature living 
cells became meristematic and formed a continuous uniserate 
layer of in i t ia ls ,  The derivate cells were normally arranged 
in radial rows with those of the phelloderm less markedly 
so than those of the phellem. i t  has been noticed that 
in the periderm, the only immature cells were the rows of 
in i t ia ls ,  the cells formed by three roeristems having a l l  
matured before further phellogen division (19).
Pactors Affecting Suberization
Of the many factors shown to display an influence 
on the suberization process, temperature and humidity are 
the most documented (3, 22, 37, 68, 81, 82, 83, 84, 92, 94). 
Artschwager (3) stressed that the rapidity of a cut potato 
surface to suberlze was dependent upon the environmental 
conditions of temperature and humidity. He found that at 
low humidities the cut surfaces dried out and cracked, 
resulting in tuber shrinkage from the water loss. At 21 
degrees C and 94 per cent relative humidity suberization
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was noticeable in the outermost cell layers after the 
f i r s t  day. However, at lower temperatures, suberization 
was found to be delayed.
Smith (81), upon storing tuber slices at 32 degrees 
F for two months and then holding them at 70 degrees F in 
a moist chamber, observed that wound barrier formation did 
not occur as rapidly as in tissue slices in i t ia l ly  held 
for two months at 52 degrees F. When tuber tissue slices 
of six varieties were stored at 80, 70, 60, 50, and 40 
degrees F in a moist chamber for one to four days. Smith 
and Smart (82, 83) discovered that suberin and periderm 
development was most rapid at 70 and 80 degrees F. When 
sample slices from each of the storage temperatures were 
Inoculated with soft rot bacteria, they noticed that the 
amount of infection decreased with the varietal capacity 
to form protective barriers (82). In later work. Smith 
and Smart (84) found a negative correlation between 
bacterial decay and barrier formation.
Pointing out the Importance of humidity, Weiss 
et a_l. (92) stated that, although high humidity favored 
Fusarium sp. development, the to ta l depth of penetration 
per tuber by these organisms was not greater at higher 
humidities. He attributed th is to the fact that this 
condition also favored wound barrier formation. Wright
and Peacock (94) stored nine, 30 pound seed piece lots at 
32( 40 and 50 degrees F under 70, 80 and 95 per cent 
relative humidity, respectively. 3freir findings showed 
that seed pieces stored at low humidities possessed dark 
colored surfaces and were more or less shriveled, while 
the subsequent lo ts held at high humidities possessed 
light-colored surfaces, were turgid and mold free. All 
seed pieces held at 32 degrees F failed to heal properly. 
Kehr et a l . (37) suggested that suberization was best 
accomplished when cut tubers were held at 60-70 degrees 
F an approximately 85 per cent relative humidity for a 
week to ten days. Fisher (22) indicated that the severity 
oJ seed piece decay in pre-cut certified  Red LaSoda seed 
was influenced by tuber temperature at cutting and by 
subsequent storage temperature. More decay was present 
in lots cut directly from 38 degrees F than in comparison 
lots held at 65 degrees F for 48 hours before cutting.
influences other than temperature and humidity 
have also been reported (28, 47, 65). Herklots (28), 
studying the effect of an a r t i f ic ia l ly  controlled hydrogen 
ion concentration on potato wound healing, concluded that 
the formation of a suberin block was dependent upon 
oxygen and was hastened by a relatively alkaline reaction 
(pH 7.5). After i t s  formation, a re latively  acid external
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m edium  (pH 4.6) f a c i l i t a t e d  s u b s e q u e n t  d e v e l o p m e n t  o f  
p h e l l o g e n  a c t i v i t y  b u t  r e t a r d e d  s u b e r i z a t i o n .  F a t t y  
m a t e r i a l s  w e r e  f o u n d  t o  b e  p r e s e n t  I n  a m o b i l e  s t a t e  
u n d e r  h i g h  c o n c e n t r a t i o n s  i n  e i t h e r  t h e  form  o f  v e r y  s m a l l  
g l o b u l e s  o r  a s  t h i n  f i l m s  c o v e r i n g  t h e  w a l l s  an d  c o n t e n t s  
o f  t h e  c e l l s .  T h ey  w e r e  m o s t  e a s i l y  o x i d i z e d  a t  lo w  
h y d r o g e n  i o n  c o n c e n t r a t i o n s  a n d  i m m o b i l i z e d .
S h a p o v a l o v  an d  Eds o n  (77) i l l u s t r a t e d  t h a t  s e e d  
p i e c e s  e x p o s e d  t o  d r y  c o n d i t i o n s  i n  d i r e c t  l i g h t  p r o d u c e d  
s u b e r l z e d  w a l l s  much t h i c k e r  t h a n  d i d  t h o s e  s t o r e d  i n  
m o i s t  c h a m b e r s  i n  d a r k n e s s .  A f t e r  a  p e r i o d  o f  t i m e  t h e  
c e l l s  b r o w n e d ,  s h r i v e l e d  a n d  b e c a m e  d e p r e s s e d  w i t h  n ew  
u n d e r l y i n g  l a y e r s  r a p i d l y  a d d e d  t o  t h e  m a s s ,  w h i l e  t h e  
e n t i r e  p r o c e s s  t e n d e d  t o  s u p p r e s s  f u r t h e r  d e v e l o p m e n t  o f  
n e w  p e r i d e r m .  The m o i s t u r e  c o n t e n t  o f  t h e  s e e d  p i e c e s  
a p p e a r e d  t o  b e  t h e  d e t e r m i n i n g  f a c t o r  i n  h e a l i n g  s p r o u t e d  
p o t a t o e s .  T h i s  w a s  p o i n t e d  o u t  b y  t h e  f a c t  t h a t  t h e  
a b s o r p t i o n  o f  w a t e r  b y  s h r i v e l e d  s e e d  p i e c e s  r e g e n e r a t e d  
t h e i r  a b i l i t y  t o  fo rm  w ound c o r k  a n d  t h a t  t h e  a r t i f i c i a l  
d e h y d r a t i o n  o f  f i r m ,  s o u n d ,  s e e d - p i e c e s  w e a k e n e d  i t .
The need for oxygen in suberization was d e m o n s t r a t e d  
by Priestly and Woffenden (65): They scraped long strips
of epidermis from begonia stems and then partly covered 
the exposed area with wax. After 35 days the waxed area
was less brown than the uncovered area. Purther examina­
tion revealed the outer layer of ce lls  under the waxed 
surface was only slightly  suberized. No suberin was 
found where complete exclusion of a ir  was accomplished.
They considered this as evidence that a ir  or oxygen caused 
the accumulation of substances responsible for suberin 
reactions. Lipton (45) conducted a study to determine 
what might be expected i f  potatoes were exposed to low 
oxygen concentrations under simulated conditions of trans­
continental r a i l  shipment. He held partia lly  peeled tubers 
under oxygen levels of 1# 5* and 21 per cent and 68, 59 
and 41 degrees P and found that low oxygen severely 
inhibited suberization and wound periderm formation in 
tubers held at 59 and 68 degrees p with almost no 
suberization and no periderm formation occurring at 
or 1 per cent oxygen. At 5 per cent oxygen, he reported 
suberization to be inhibited very l i t t l e ,  but periderm 
developed only below a part of the wounded surface, no 
suberin or periderm formation was evident under any oxygen 
concentrations a t 41 degrees p. The responses found to low 
oxygen were about the same in tubers held a t 59 or 68 degrees 
P. However, in tubers held at 41 degrees P, the amount of 
suberization and periderm formation occurring when held 
an additional eight days at 68-72 degrees F was about the
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same, regardless of the previous oxygen concentration.
Weiss et a l. (92) studied the effect of variety 
and type of injury on suberization. Their evidence indicated 
that protective layers developed more rapidly under shallow 
in juries. Also, infection was inhibited in tangential cuts 
(to the vascular regions), while infection occurred within 
the same variety and similar time-temperature factors 
favoring healing when median cuts were observed. Lombard 
(47) claimed that tuber maturity also displayed some 
influence. He reported that immature tubers reacted to 
wound stimulation faster than mature tubers. He also 
noted no significant differences in the yield from planting 
freshly cut seed pieces and seed cut 10, 20, and 30 days 
before planting. Smith and Smart (84) maintained that 
barrier development was most rapid shortly after harvest, 
but tubers did not lose their ab ility  to suberize even 
a fter several months of storage a t 40 degrees p.
Curing or allowing seed pieces to suberize has been 
recommended when they were to be stored several days or 
more before using (2, 4, 37). Kehr et a l^. (37) and Akeley 
(2) have stated that recently i t  has become feasible to 
cut seed at the point of origin and ship them to growers 
in specially heated refrigerator cars which allow suberiza­
tion to occur in tra n s it .  As a result the seed arrived in
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excellent condition for planting. This procedure was found 
to be most efficien tly  employed by placing cut seed in 
slatted  crates, covering with damp sacks, and holding at 
60-70 degrees for the duration of the tr ip .
The response of wound healing in the potato to 
irradiation had also been investigated (10, 31, 90). isleib
(31) found that dosages ranging from 0-200,000 roentgen 
equivalent physicals (rep) under varying time rates delayed 
suberization. Ultimately, however, the treated layers 
were as thick as those of the controls, in general, a l l  
levels of irradiation tested were found to prevent periderm 
formation. Similar observations were reported by Brownell 
et a l .  (10). According to waggoner (90), tubers receiving 
20 or 80 Kr produced less periderm than the non-irradiated 
checks. Also, dosages at or just above those used in sprout 
inhibition seemed to hinder the normal healing process.
Jaffe (32) maintained that unpeeled tubers contained a high 
portion of suberin in the peel, but in tubers which had 
been peeled and then healed, a preponderance of lignln in 
the new surface resulted. He also concluded that the rate 
of lignin production in healing tissue was much greater in 
tubers which had been irradiated than in tubers which had 
been held in the dark. No effect on lignin formation was 
found to be generated by the previous holding temperatures.
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According to Craft and Audia (15), polyphenols. 
Including flavonals, cinnanic acid derivatives, coumarins, 
chlorogenic acid, scopoletin, scoplin, aesculetin, and 
caffeic acid have been reported to accumulate in potato 
tissue as a result of wounding or pathogenic and virus 
infection* ttius, they are considered as involved in 
resistance to attacks by pathogenic organisms and/or 
involved in suberization of vounded tissue since most 
types of wound barriers show a positive te s t for lignins.
Johnson (34) furnished evidence showing chloro- 
genic acid to be present in significant amounts in the 
white potato* He proposed that i t  might well be involved 
in several of the functions occurring within the potato. 
Folitis  (60) mentioned that chlorogenic acid f i r s t  appeared 
in young potato cells as small sperical granules. Even­
tually these granules became larger than the cell nucleus 
and then dissolved in the cytoplasm. Bolitis (58) (57) 
contended chlorogenic acid was found in 95 species from 
various plant families and that i t  generally localized 
adjacent to suberlzed membranes. Following tissue injury, 
either mechanical or pathological, chlorogenic acid 
accumulation was discovered to be Initiated in the cells 
adjacent to the wound and expanding four to six cells 
beneath i t  before suberization began (50). Johnson and
Schaal (35) depicted chlorogenic acid to be concentrated 
in the periderm in a very thin layer, not over two cells 
thick, with minute quantities found in the flesh, in scab 
resistance the location of chlorogenic acid concentration 
was discovered to be more important than the to ta l amount 
present. Since tyrosine was concentrated in the same 
general area, i t  was concluded that both were involved 
in a general protective factor. Chlorogenic acid i t s e l f  
or i t s  quinone may be directly  or Indirectly concerned 
with the formation of the cork cambium. Johnson and 
Schaal (35) supported this theory with evidence showing 
the speed of production of suberized tissue increased 
When chlorogenic acid was added to freshly cut surfaces.
The accumulation of chlorogenic acid in injured 
tissue was reported by many workers (1, 35, 36, 56, 59,
72) but Whether or not i t  functioned as an inhibitor to 
microorganisms or as a stimulant to suberization has not 
been resolved. McClure (50) correlated chlorogenic acid 
accumulation during suberization with wound periderm 
formation in the roots of sweet potatoes. Although i t s  
accumulation was found to be the f i r s t  response to 
wounding in sweet potatoes, i t s  presence did not seem to 
Inhibit the growth of Rhlzopus s p . Akazawa (1) investigated 
the pattern of Chlorogenic acid In three kinds of tissue
samples (infected with Ceratocytis firabriata, uninfected 
from infected half, and uninfected from uninfected half) 
and found i t  to be comparable between samples; however, 
the concentration in the tissue was significantly higher 
in the resistan t samples. Patil et a l .  (56) postulated 
that, when wounding occurred, the amount of chlorogenic 
acid available in relation to high levels of polyphenol 
oxidase was quickly oxidized and polymerized at the s ite  
of the wound. They discovered that the concentration of 
chlorogenic acid was similar in a variety highly resistant 
to vertlcllllum albo-atrum and one highly susceptible. Kuc' 
(38) concluded that the levels of chlorogenic and caffeic 
acids present in the extract of potato peel could not 
account for a l l  i t s  inhibitory activ ity  toward micro­
organisms.
Johnson and Schaal (36) proposed three ways in 
which phenolic compounds could be associated with disease 
resistance: by their presence within tissue prior to
infection; by their presence prior to infection with the 
oxidation of quiones necessary for inhibition of organisms 
and/or by stimulation of suberization; and by their accumu­
lation adjacent to Injured areas in which they serve as an 
expression of a resistance mechanism.
2 1
Seed Piece Diseases and Controls
The problem of handling or storing potato seed 
pieces before and a fter they have been suberized is further 
complicated by the numerous microorganisms which have been 
found to cause seed piece decay. The following is a 
lis ting  of the more important pathogens which have been 
found to damage both stored and planted seed pieces;
Erwinia carotovora (Bacterial soft r o t ) , I!, atroseptica 
(Blackleg), Fusarium sp. (Dry ro t). F. solan! var. eumarti 
and oxysporum (Fusarium w il t) , Rhizopus solan1 (Rhizoc- 
ton ia), Corynebacterlum sepedonicum (Ring ro t ) , Pseudomonas 
fluorescens, E. phyththora, Phoroa tuberosa, sarobricinum,
F. ayenaceurn, and F. coeruleum (7, 23, 37# 38, 44).
ttie work of Bonde and Hyland (8) illustra ted  how 
complex seedpiece storage can become. They found that the 
extent to which seed pieces decayed, due to F u s a r i u m  s p . and 
other fungi, increased as the Interval of time between 
cutting and planting increased. Similar finds were 
presented by Shadbolt et, al.* (76). As a result of problems 
such as these, the lite ra tu re  is f i l led  with attempts to 
preserve potato seed pieces (22, 41, 46, 70, 71, 79, 80,
92).
Akeley (2) removed tubers from 36*40 degrees F 
storage, cut and returned their on five occasions of one-month
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intervals. After the last cutting a l l  seed pieces were 
planted. He recorded nonsignificant differences in stand 
or yield under any of the cutting dates* Livingston (46) 
subjected the cut surfaces of seed pieces to a gentle flow 
of warm tap water for three hours. He discovered that the 
washing did not promote nor substantially interfere with 
suberization.
According to Weiss e£ aj.. (92) f with certain organisms 
such as Fusarium ooerulum, suberization alone afforded no 
protection. Only after wound periderm formation was at 
Least weel begun could some control be anticipated. They 
believed that infection occurred as a result of penetration 
through the suberized layers by mechanical pressure unaided 
by enzyme action.
Fisher (22) observed less decay when seed pieces 
were dusted with 7.5 per cent Captan regardless of tuber 
temperature at the time of cutting. No reduction in stand 
or yield was apparent when Red LaSoda seed were held at 
65 degrees F prior to cutting and dusting with 7.5 per cent 
Captan and then re-storing at 38 degrees F. Sanford (70) 
noted that dust treatments of Fermate or Spergon and dip 
treatments of Ceresan, Lunasan or Spergon resulted in 
sound seed sets after 21 days, whereas the untreated checks 
were severely rotted. However, sets treated with Semesan 
Bel, Dithane, yellow oxide of mercury, mercuric chloride.
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sulphur, or calcium hydroxide afforded inadequate pro­
tection. With the exceptions of Ceresan and Lunasan, the 
chemicals tested by Sanford (70) did not obviously hinder 
sprout vigor. He also reported that untreated sets rotted 
more readily under dry soils than under wet so ils .
Lane (41) planted seed pieces treated with Thiram 
and Zineb in Fusarium sp. infested so ils . Data secured 
indicated that at low concentrations they were outstanding 
in reducing decay without any deleterious effects even 
under adverse storage or field conditions. No significant 
differences were reported between the two fungicides. Lutz 
(48) found the following materials to be ineffective at 
the rates he used in reducing storage rots: Fusarex,
Arasan, Dithane, two parts Arasan plus one part Dithane 
Z-78, Fermate, Spergon, Neroa, and Thymol. In an attempt 
to obtain seed piece decay control, Guthrie (26) applied 
Agrimycln , Phygon XL, Semesan Bel, Captan, and Terraclor 
treatments to potato seed, in addition, he combined 
Agrimycln with each of these chemicals as other treatments. 
No significant difference was noted with any of the trea t­
ments when the treated seed were planted in irrigated 
so ils . In dry so ils , seed planted one day after treatment 
with Semesan Bel, with or without Agrimycln, and Phygon 
XL,, with or without Agrimycln, produced greater yields
than the controls. He also made note of the fact that 
Agrimycln and Agrimycln plus Terraclor resulted in a 
greater number of cull tubers than any of the other 
treatments when seed were so treated and stored 10 days 
before planting. Newton and Lines (54) recorded bene­
f ic ia l  results in preventing premature rotting by pythiuro 
ultlmum when potato sets were dusted with Fermate prior 
to planting.
Cunningham (17) advised that any condition which 
delayed suberization and subsequent wound cork formation 
without seriously inhibiting the growth of pathogenic 
organisms, resulted in the pathogens penetrating tissue 
to such a depth that tubers were unable to form any type 
of protective barriers. Many of the chemicals tested 
by researchers in the past have actually promoted decay 
(12, 55). Clayton (12) declared this to be the case for 
a l l  mixtures containing copper compounds, sodium bicar­
bonate, sodium floride, dinitrophenol and beta naphthol.
He also suggested that sulphur, gypsum, lime, calomel, 
and cresote containing substances appeared to be harmless 
but were likely to impair stands and reduce yields if  
applied 3-4 weeks before planting. Applications of a 
mixture of hydrated lime and flowers of sulphur to cut 
surfaces resulted in though, thick protective barriers (12).
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Nickel (55) contended that certain concentrations of 
Semesan Bel, acidulated mecuric chloride or Roccal 
solution resulted In serious decay of seed pieces due to 
their interference with suberization.
Sanford (71) found that, a fter 15 days, calcium 
hydrate-treated surfaces had produced at least two more 
layers of wound cork than any of the checks or Spergon, 
Fermate, sulphur, mercuric chloride, and Semesan Bel. 
Livingston (46) found semesan Bel and Catechol to have 
generally produced thicker suberin layers than the controls. 
However, these materials induced layers lacking in uni­
formity in that the development of the suberin layers 
were not progressive with time in a l l  parts of the cut 
surface.
Duncan and Gallegly (18) t^und 100 ppm strepto­
mycin resulted in excellent surface healing but reduced 
stands and yields. They concluded that i t  might possibly 
have exerted i ts  effect in healing secondary wounds or may 
have been involved in the oxidative enzyme systems responsi­
ble for suberization. ttie use of other antibiotics, 
albamycin, viridogrisein, griseoviridin, Chloromycetin, 
and ABT 26, 27778 appeared to be of no value (18).
Gibberellic and naphthalene acetic acids were shown 
to have no merits by Craft and Audia (14). They also
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declared that periderm formation was inhibited by CIPC.
Simonda e^ c aJL. (79, 80) revealed that Dithane
Z-78 displayed an Inhibitory effect on suberization and 
that catechol, caffeic and chlorogenic acids stimulated 
the formation of thicker protective layers. Catechol was 
considered the most effective treatment because i t  resulted 
in the thickest, roost e lastic -like  layer with the fewest 
number of thin areas and the largest number of starch grains 
trapped in the suberin binding material. On the other 
hand, seed pieces treated with caffeic and chlorogenic 
acids possessed wound coverings of almost natural color 
with e lastic  but thinner layers than that produced by 
catechol.
Suberization in other Crops
The lite ra tu re  contains many reports (4, 50, 53,
62, 86, 91) concerning the process of suberization in 
plants other than the potato. The existence of varietal 
differences in the rate and degree of suberization in sweet 
potatoes has well been established (4, 53, 86, 39). Teresh- 
kovich and Newsom (89) noted that the amount of periderm 
formed Increased in sweet potatoes during storage and 
that the amount formed also varied in accordance to 
variety. Differences in rate of suberization among species 
of related plants has also been established (4, 64). Scott
(74) Is even of the opinion that the degree of suberiza­
tion d iffers in similar tissues of differing ages within 
the same plant. He found that in young leaves the suberin 
layer was thinner than in older leaves. Artschwager (4) 
found that under similar conditions gladioli suberized 
faster than did sweet potatoes. He also related that 
injured sweet potatoes failed to suberize under low re la­
tive humidites and favorable temperature conditions.
The data of Tereshkovich and Newsom (89) suggested 
that a high re-curing temperature and a moderate relative 
humidity were necessary for the stimulation of wound 
periderm tissue in injured sweet potato roots. Even 
though injured non re-cured roots did not develop wound 
periderm tissues at low temperatures, some protection was 
afforded by the dark, thick, suberized layer of compressed 
oxidized cells that comprised the injury, This offered 
only a temporary barrier to organisms. Strider and 
McComb (86) could uncover no significant differences in 
suberization between wet and dry sweet potato types, ihey 
also remarked that sweet potatoes cured at 85 degrees F 
and 98 per cent relative humidity for 11 days f i r s t  d is­
played wound phellero after three days. During the next 
seven days, an average of one additional layer per 24 
hours of storage was formed, after which the rate of
formation decreased. Kushman and Deonier (40) maintained 
that sweet potato roots chilLed for a period of six weeks 
at 45 degrees P or 17 weeks at 50 degrees P failed to 
develop wound periderm properly at cut surfaces when 
placed at 88 degrees P. However, those chilled for 11 
weeks at 50 degrees P showed abnormal wound periderm 
formation. The failure to form wound periderm was most 
evident in the cortex and spongy parenchyma tissues. They 
also mentioned that wound periderm failed to form in roots 
a fter they were held in 60 per cent carbon dioxide and 
formed only improperly so after being held in 25-40 per 
cent carbon dioxide.
Morris and Mann (53) maintained that wounds on the 
side of sweet potato roots healed in a fashion almost 
identical to that of the broken end of the roots. They 
also noted that, during wound healing of broken ends, the 
seive tubes and lac tlc ife rs  became compressed and pinched 
off in the region of the wound periderm, while the vessels 
became f illed  with tylose. strider and McConb (86) claimed 
that the rate of wound healing of the root ends was slower 
than that on the side of the roots. McClure (50) and 
Terashkovich (88) were of the opinion that suberization 
during wound healing may have been a form of lign iftea tion .
Investigating the suberization of internal surfaces 
in various hydrophytes, xerophytes, and mesophytes, Scott
(74) recognized that the entire system of in tercellular 
spaces in the leaves, roots, flowers, and fru its  were 
lined with a suberin lamella, with the inner surfaces 
lined with a material distinctively different from the 
plasma membrane. Suberin was f i r s t  detected in expanding 
tissue when Intercellular spaces began to appear. The 
aging of cells  was accompanied by a progressive rate of 
suberization. The appearance of th is progressive build­
up was also noted in aging leaves 6f squash, caster beans, 
avocado, and sycamore (75). In Valencia oranges, cell 
expansion with concomittant d ifferen tia l cell-wall growth 
and suberization of opposing tissue was considered an 
important factor in the mechanism of leaf fa l l  (75).
Craft and Audia (15) compared chromatograms of 
ether-ethyl acetate extracts from suberized and interior 
tissue of sweet potatoes, Irish potatoes, carrots, beets, 
parsnips, squash, and turnips and found them to have 
identical patterns of phenolic and fluorescent bands.
This similarity Indicated to them that no new phenolic 
compounds developed during wound barrier formation and 
that the accumulation of polyphenols and associated com­
pounds was caused by an increase in components already 
present.
Artschwager (5) stated that plant organs, such as 
tubers, fleshy roots and oorms, usually responded to wounding
by rapid suberization of the cut surface and a subsequent 
development of a firm cork layer. Esau (21) suggested 
that the majority of mononocots that produced protective 
tissue of any kind generally showed a special method of 
doing so. Parenchyma cells in successively deeper positions 
divide several times peric linally , and the products of 




Four clones harvested at Rhinelander, Wisconsin, on 
September 9, 1966, were observed for weight loss differences 
when stored at 40 degrees Fr 85 per cent relative humidity. 
Three tubers per clone (Red LaSoda, LaChipper, and L-31-155) 
were weighed, stored in the above conditions on October 12, 
1966, and then re-weighed at one month intervals through 
March 10, 1967.
Five seed pieces of the clone L-22-112, grown in 
Wisconsin, were weighed and placed into each of the following 
storage conditions: 35 degrees F, 85 per cent relative
humidity; 40 degrees F, 85 per cent relative humidity; 68 
degrees F, 85 per cent relative humidity; and room tempera­
ture and varying humidity. Each seed piece was weighed 
every two days through eight days after cutting, a fter 
which they were weighed every two weeks starting two weeks 
after cutting. This test was in itia ted  on February 22,
1967 and terminated on April 11, 1967.
The above procedure for observing the effect of 
various storage conditions on weight loss was repeated on
31
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August 24, 1967; however. Red LaSoda seed-pieces were 
substituted for L-22-112.
Hiree tubers per clone (LaChipper, Red LaSoda, 
L-31-155, and L-22-112) were selected for dry weight 
determinations on October 14, 1966. Each tuber per clone 
served as a replication. The dry weight was secured by 
plugging each tuber with a # 9 cork borer through the 
center from the proximal to the d is ta l end. The periderm 
was removed from each end of the sample plug. The plug 
was then placed into pre-welghed cans, weighed, arid dried 
for 24 hours at 100 degrees C, after which the samples 
were removed and weighed. This procedure was repeated 
once a month for the next three months.
Effect of Oxygen Supply on Suberization
Two tubers of the clones Red LaSoda, LaChipper, 
L-21-60, L-31-55, and L-31-155-were cut In half and allowed 
to suberize for two weeks under optimum conditions. Each 
seed piece was placed in a separate Jar labelled according 
to clone and replication number. The lids were secured 
and sealed with paraffin in order to prevent the entrance 
or exit of gases*. Each seed piece per clone served as a 
replication. After sealing, the jars  were stored in dark­
ness at 60 degrees r. Daily observations for in i t ia l  break­
down were recorded. Screw top Jars (L85 ®1) were used to house
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the seed pieces. However, in the case of LaChipper, 480 
ml ja rs  were required because of the larger size of these 
tubers. Proportionately, the seed piece size-volume was 
approximately the same in both instances. The tubers 
were placed in the ja rs  on October 18, 1967, and removed 
one month la te r .
Influence of Storage Duration 
on Suberization
The influence of storage duration on the ab ility  
of the clones LaChipper, Red LaSoda, and L-31-155 to 
suberize was investigated. Two Wisconsin-grown tubers 
per clone were halved. The resulting four seed halves 
were weighed and stored for one month at 68 degrees F,
85 per cent relative humidity, a fter Which they were 
inoculated with soft rot organisms. The ab ility  to suberize 
was rated two weeks after inoculation on the basis of re­
sistance to ro tting . The tes t was in itia ted  on October 18, 
1967, one month after the tubers were In it ia lly  stored 
at 40 degrees P, 85 per cent relative humidity. The same 
procedure was followed, using tubers which had been in 
storage for two, three, four, and five months.
The soft rot organisms, Erwin la carotovora (L, 6. 
Jones) Holland, were isolated from decaying potatoes and 
cultured on potato dextrose agar. The inoculum was prepared
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by washing the bacteria from 12 pe tri dishes into one 
l i t e r  of, d is ti l led  water. The tuber halves were then 
inoculated by dipping them into the bacteria suspension.
Screening of 1967 Clones for 
Suberlsation Ability
On October 19, 1967, one tuber per clone was 
selected for dry weight determinations. The samples used 
for th is purpose were prepared in a manner similar to that 
described in an earlie r te s t .
On October 16, 1967, one tuber from each of the 
same clones used in the above tes t was cut in half, from 
the apical to the proximal end, and placed in 68 degrees 
P and 85 per cent relative humidity for one week. Each 
tuber half served as a replication. At the end of a week, 
each half was removed from storage, inoculated with soft 
rot as previously described, placed in a humidity chamber 
in a greenhouse for one month and then rated for decay.
The humidity chamber was constructed by covering a five- 
foot area on a greenhouse bench with cheese cloth and 
burlap sacks. The top of the chamber was approximately 
one foot above the bottom of the bench. A high temperature 
and a saturated humidity was maintained by a Kaz, Consul 
model, home vaporizer-humidifier placed inside the chanfeer. 
The 1967 clones used in the above te s t are given in Table I .
TABLE I
1967 FIRST YEAR CLONES SCREEN 
FOR SUBERIZATION ABILITY
71-1 71-50 72-100 71-156
71-2 72-52 72-101 71-158
71-3 71-53 72t102 71-159
71-4 71-54 71-103 71-160
71-5 71-55 71-104 71-161
71-6 71-56 71-105 71-162
71-7 71-57 71-106 71- 63
71-8 71-58 71-107 71-164
71-9 71-59 71-108 71-165
71-10 71-60 71-109 71-166
71-11 71-61 71-110 72-167
71-12 71-62 77.I l l 71-168
71-13 71-63 71-112 71-169
71-14 71-64 71-113 71-170
71-15 71-65 71-114 71-171
71-16 71-66 71-115 71-172
71-17 71-67 71-116 71-173
72-13 71-68 71-119 71-175
71-19 71-69 71-120 71-176
71-20 71-70 72-122 71-177
71-21 71-71 72-123 71-178
71-22 71-72 71-124 71-179
71-23 71-73 72-125 71-180
71-24 71-74 71-126 72-181
71-25 71t75 71-128 72-182
71-26 71-76 71-129 72-183
71-23 71-77 71-130 72-134
71-29 71-78 71-131 72-185
71-30 71-79 71-132 72-186
71-31 71-80 71-133 72-187
71-32 71-81 71-134 72-188
71-33 71-82 71-135 72-189
71-34 71-83 71-136 71-190
71-35 71-84 71-137 72-190
71-36 71-85 71-138 72-191
71-37 72-86 71-139 72-192
continued
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The f i r s t  of a series of chemical euberiant 
screening tests  was in itia ted  on January 27, 1967. Four 
tubers per clone (Red LaSoda and LaChipper) were cut in 
half from the proximal to the d is ta l end. The treatments 
used in th is  experiment at the concentration of 100 ppm 
were Caparol, Bromacil ("Hyvar X"), Dupont 732, Geigy 
65-14260, diphenamid ("Enide"), Simazine, Terbacil 
("Sinbar"), Chloroneb ("Demosam"), Weedone, Eptam, Geigy 
6 A 506, Stauffer R-1856, 6 F and CIPC (Isopropyl N- 
(3-chlorophenyl)-carbamate. one thousand ppm chlcrogenic 
acid and phenylenediamime and 3 ppm gibberellic acid 
treatments were also included in th is  study, instant 
water dips and cut only (non-treated seed pieces) served 
as the checks.
Eight seed pieces were Instant dipped into each of 
the treatments and then placed on paper towels to dry. The 
treated seed halves were weighed and stored at 68 degrees 
F, 85 per cent relative humidity. Notes were taken periodi­
cally on such characters as molding, powderiness of the cut 
surface, p itting , shriveling and rotting of these seed 
pieces, weights were taken again after one month of storage. 
Results of observations of the above characters on treated 
seed pieces were used as the basis for selection of treatments
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to be carried into the next screening te s t.
The second of the series of chemical suberiant 
screening tests  was in itia ted  on June 26, 1967. The 34 
treatments lis ted  in Table II  were observed for their 
effect on suberization of Red LaSoda seed pieces under 
greenhouse, field , and storage conditions. Each treatment 
was applied as an instant dip to four seed pieces. Each of 
the seed pieces served as a replication.
For greenhouse observations, four seed pieces per 
treatment were planted in six-inch clay pots containing a 
soi1-peat mixture. Additional seed halves were treated 
with Eptam, Ch loro genic acid, and 'glbberellic acid in 
combination with each and grown under excessive, optimum, 
and minimum moisture levels in the greenhouse. These 
treatments were rated on the basis of per cent emergence.
Similarly treated seed halves were planted in the 
field  on June 27, 1967, while others were stored at 63 
degrees F and 85 per cent relative humidity. The e f f i ­
ciency of these treatments were rated on the basis of cut- 
surface appearance.
The third screening of chemical suberiants was 
in itia ted  on September 4, 1967. Tubers of the clones 
L-31-155, Red LaSoda, and LaChipper were halved and treated 
with the chemicals and concentrations found in Table i l l .
TABLE XI
CHEMICAL TREATMENTS USED IN  SUBERIZATION
STUDY -  JUNE 2 6 ,  L967
aTreatments Treatments
Amiben 100 ppm Kinetin 1000 ppm
B-Nine 1000 ppm Morsodren 100 ppm
Caparol 100 ppm Off Shoot - 0 40p00 ppm
Chlorogenic acid 1000 ppm fhenylenediaralne 1000 ppra
Chloroneb 100 ppra Terbacil 100 ppm
EthreL 100 ppm UC 22463 1000 ppm
Eptam 100 ppm weedone 100 ppra
Geigy 65 14260 100 ppm water Dip only
G A 3 ppm Cut Seed Pieces
Only
aAmiben: 3-Amino-2,5-dichlorobenzoic acid
B-Nine: succinic acid, 2,3-dimethyl hydrazide
Caparol: 2, 4-Bis (isopropylamino)-6 -(roethythlo)-s-traizine
Chloronelo: 1,4-dichloro-2,5-diraethoxy benzene ("Demosaro") 
EthreL: 2-chLoroethane phosphonic acid 
Eptam; S-ethyl dipropylthiocarbanate 
Geigy 65-14260: Experimental chemical
continued
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TABLE j z  ( c o n t i n u e d )
6A: potassium sa lt of glbberellic acid
Kinetin: 6-furfurylaminopurine
Morsodren: cyano (methylmercuri) quanidine
Off Shoot 0: methylesters of fa tty  acid Cg-C^ (Cg 4%,
Cq 5%t 33%,
Terbacil: 3-tert-butyl-5-chloro-6-methyluracil (“sinbar")
UC 22463: 3,4-dichlorobenzyl methylcarbamate ("Rowmate")
Weedone: 2-(2, 4, 5-trichlorophenoxy) propionic acid.
All of the chemicals at the concentrations designated 
were applied as instant dips. Each chemical and concentra­
tion was also applied in combination with 3 ppm G A by 
f i r s t  dipping in each chemical, allowing the seed pieces 
to dry, and re-dipping into 3 ppm G A.
4 0
TABLE ZXI
CHEMICALS USED IN  SUBERIZATION
STUDY -  SEPTEMBER 4 ,  1 9 6 8
Treatments1 Treatments
chlorogenic acid 1000 ppm Sucrose 1000 PPni
B-Nine 1000 ppra tryptophan 1000 ppm
dextrose 1000 ppm tyrosine 1000 ppra
Eptam 100 ppra 3 - 1AA 1000 ppra
Geigy 65 14260 100 ppm UC 22 463 1000 ppra
Glucose 1000 ppm water Dip Cut only -
Kinetin 1000 ppm Cut Seed pieces Only -
Morsodren 100 ppm
1B-Nine: succinic acid 2,2-•dimethylhyrazide ("Alar")
Eptam: s-ethyl dipropyl thiocarbamate
Geigy 65-14260: experimental chemical
Kinetin: 6-furfuryLarainopurine
Morsodren: cyano (methylroercuri) quanidine
3-iAA: 3-indoiyacetic acid
UC 22 463: 3,4-dichlorobenzyl methylcarbamate ("Rowrnate")
Each of the chemicals at the designated concentrations 




The methods of application consisted of an instant dip, a 
15-minute soak and a 30-minute soak per treatment* Four 
replications were utilized per treatment. A single seed 
half comprised a replication. Tubers so treated were 
placed into both field  and storage te s ts . Chemical e f f i-
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ciency was rated as described for the f i r s t  chemical 
screening study.
The fourth and most detailed chemical screening 
test was in itia ted  on June 4, 1968. included in this study 
were the treatments which consistently showed promise as 
chemical suberiants in the three previous te s ts . The 
treatments used are listed  in Table IV.
Six tubers of the clones L-31-155, Red LaSoda, and 
LaChipper per treatment were cut into two pieces of equal 
size, as described earlie r . Both halves were labelled to 
indicate that they came from the same tuber. The compounds 
were applied to the potato halves as either instant dips 
or 30 minute soaks. All tubers were then placed in 68 
degrees F, 85 per cent relative humidity storage, sec­
tioning and straining were used to rate the effectiveness 
of the in questioned compounds.
After four 24-hour intervals and again one week 
after treatment, corresponding quarters were removed from 
three of the halves per treatment. Each of the three
TABLE IV
CHEMICALS USED IN  SUBERIZATION
STUDY -  JUNE 4 ,  1 9 6 8
Treatments^
chlorogenic acid 1000 ppm
dextrose 1000 ppm
fructose 1000 ppm
Geigy 14260 100 ppm
Polyram (7 per cent dust)
sucrose 1000 ppm
tryptophan 1000 ppm
UC 22463 1000 ppm
Weedone 100 ppra
Cut only (check) —
^Geigy 65-14602: experimental chemical
Polyram: A complex mixture of ethylene bis dithiocarbamlc
acid, zinc salts  and sulfides 
UC 2246 3: 3,4-dichlorobenzyl mcthylcarbamate ("Rowroate") 
Weedone: 2-(2, 4, 5-trichlorophenoxy) propionic acid
All of the chemicals at the designated concentrations 
were applied as instant dips and 30 minute soaks.
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quarters then served as a replication. Approximately 
inch square sections for staining were cut from each 
quarter in the area nearest the center of the intact 
tuber, or from the area generally the thinnest in a nor­
mally suberized cut-aurface. in order that the progressive 
development of the healing cut-surface could be accurately 
observed in the same tuber, the various replications were 
designated as follows: Replication 1^  %-inch square
tissue block; Replication 2m  ^-inch square tissue block 
with one corner removed; and Replication 3* %-inch square 
tissue block with two corners removed, ifoe sections were 
then placed in an appropriately labelled vial containing 
a 70 per cent methanol-10 per cent formalin fixing-killing 
solution.
The staining procedure used was a modification of 
one described by Smith and Smart (83). The following is a 
description of the procedure as modified. Two to four 
drops of one per cent aqueous crystal violet was added to 
the tissue preserved in the fixing-killing solution at 
least 24 hours before sectioning. One hand section was cut 
per replication within each treatment and sectioning in ter­
val. The hand sections were then rinsed in d is ti l led  water 
and placed in 18 per cent hydrochloric acid until they were 
bleached or cleared, a fter which they were transferred to
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95 per cent ethyl alcohol for 2-5 minutes, rinsed in d is­
t i l le d  water, and mounted in a drop of water on a glass 
slide. They were then examined microscopically for suberin 
layer and wound periderm development. The resu lts  were 
recorded as thickness in microns of each layer. Plates 
showing tissue sections cut from wound barrier surfaces 
were cut at a thickness of 15 microns and stained with 
crystal violet and saturated Orange 6 in clove o i l .
This study was in itia ted  for the second time on 
August 15, 1968. However, due to the lack of tubers, the 
clone Lachipper was excluded. Also, three additional 
treatments were Included. A complete lis ting  of t re a t­
ments is  found in Table v.
The treatments shown in Table VI were each applied 
to 23 seed pieces of the variety Red LaSoda on August 12, 
1968. ftiese treatments consisted of a series of co-enzymes 
associated with fa tty  acid production and several chemicals 
selected from the fourth chemical screening study. After 
treatment they were placed in 68 degrees P, 85 per cent 
relative humidity storage. Three seed pieces from each 
treatment were weighed and allowed to remain in storage 
for one month. They were then re-weighed, visually rated, 
and sectioned and stained as previously described, on 
August 20, 1968, the other 20 seed pieces per treatment were
TABLE V
CHEMICALS USED IN  SUBERIZATION
STUDY -  AUGUST 1 5 ,  1 9 6 8
T r e a t m e n t s 1,
a c e t i c  a c i d 1000 ppra
a c e t i c  a c i d 5000 ppm
c h i o r o g c n l c  acid 1000 ppm
d e x t r o s e 1000 ppra
f r u c t o s e 1000 ppm
G e i g y  14260 100 ppra
P o l y r a m (7 per cent dust)
p o t a s s i u m  hydroxide 1000 ppm
s u c r o s e 1000 ppm
t r y p t o p h a n 1000 ppm
UC 22463 1000 ppra
W eed o n e 100 ppm
^-Geigy 65-14260: experimental chemical
P o l y r a m :  A complex mixture of ethylene his dithlocarboroic
acid, zinc sa lts  and sulfides
UC 22463: 3,4-dlchlorobenzyl methycarbamate ("Rowmate”)
W e e d o n e :  2-(2, 4, 5-trichlorophenoxy) propionic acid
continued
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TABLE V ( c o n t i n u e d )
A l l  t r e a t m e n t s  w e r e  applied at the designated 
c o n c e n t r a t i o n s  a s  instant dips and 30-minute soaks.
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TABLE V I
CHEMICALS USED IN  SUBERIZATION
STUDY -  AUGUST 1 2 ,  1 9 6 8
Treatments* Treatments
1 acetic acid 1 0 0 0 ppra 11 ATP 1 0 0 0 ppm
2 acetic acid 5000 ppm 12 DPN 1 0 0 0 ppra
3 chlorogenic acid 1 0 0 0 ppm 13 DPNH 1 0 0 0 ppm
4 potassium hydroxide 1 0 0 0 ppm 14 Ethrel 2500 ppm
5 potassium hydroxide 5000 ppm 15 Ethrel 5000 ppm
6 UC 22463 1 0 0 0 ppra 16 Ethrel 7500 ppm
7 sucrose 1 0 0 0 ppm 17 Morsodren 1 00 ppm
8 Polyram {1% dust) 18 NADPH 1 0 0 0 ppra
9 ADP 1 0 0 0 ppm 19 TPP 1 0 0 0 ppm
10 AMP 1 0 0 0 ppra 2 0 Check - Cut Seed Pieces
aUC 2246 3; 3,4-dichlorobenzyl methylcarbaroate {"Rowraate") 
Polyram; A complex mixture of ethylene bis dicarbamic
acid, zinc salts and sulfides
ADP: Adeno&lde diphosphate sodium
AMP: adenosine 51 monophosphate dihydrate
1
ATP; adenosine 5 triphosphate, dibarium 4 k2 0 
DPN: Nicotinamide adenine dinucleotide
continued
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TABLE V I  ( c o n t i n u e d )
DPNH: nicotinamide adenine dinucleotide (reduced)
Ethrel: 2-chloroethane phoaphonic acid
Morsodren: cyano (methylmercuri) guanidine
NAOPH: nicotinamide adenine dinucleotide phosphate
(reduced)
TPP: Thiamine pyrophosphate chloride
Treatments 1-7 were applied as 30 minute soaks. 
Treatments 9-19 were applied as instant dips.
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p l a n t e d  a t  t h e  Louisiana State University Ben Hur farm.
In  t h i s  e x p e r i m e n t  five uniform seed pieces were repli­
c a t e d  f o u r  t i m e s .  Per cent emergence and vigor data were 
s e c u r e d  o n  t h e  resulting plants. At harvest, December 11, 
1968, t u b e r  yield a n d  the c o n d i t i o n  and number of mother 
p o t a t o e s  r e m a i n i n g  were recorded.
P f f e c t  o f  F a t t y  A c i d  A p p l i c a t i o n
The treatments listed in Table VII were applied to 
t u b e r  h a l v e s  of the clones L-31-155, Red LaSoda, and 
L a C h i p p e r .  The methods of tuber cutting and treatment 
a p p l i c a t i o n  were the same as those used in the fourth 
c h e m i c a l  s c r e e n i n g  experiment. The fatty acids in liquid 
fo r m  w e r e  applied as both instant dips and 30-minute soaks, 
w h e r e a s ,  those existing as solids were applied as dust 
t r e a t m e n t s .  After treatment the seed pieces were weighed 
and  s t o r e d  for one month at 6 8 degrees P, 85 per cent 
r e l a t i v e  h u m i d i t y .  The tubers were re^weighed and visually 
r a t e d  at the end of the storage period.
Several procedural problems were encountered in the 
a b o v e  study. Basically, the problems stemmed from the 
effects of hexane and talc used as the carrier systems for 
t h e  fatty acids. As a result of trying to overcome these 
effects, the fatty acids were applied in the concentrated 
state in this test. The liquid fatty acids were spread over
TABLE V I I
TRFATMFNTS USFD IN  FATTY ACID
STUDY -  JUNE 1 0 ,  1 9 6 8
Treatments
linoleic acid 1 0 0 0 ppm
oleic acid 1 0 0 0 ppm
palmitic acid 1 0 0 0 ppm
myristic acid lopoo ppm
stearic acid 1 0 0 0 0 PPn>
acetic acid 10 0 PPra
acetic acid 1 0 0 0 ppra
acetic acid 10P0G ppra
potassium hydroxide 100 PPra




aused as the solvent for oleic, palmitic and linoleic acida.
bused as the carrier for myristic and stearic acid.
cused as the solvent for acetic acid and potassium hydroxide.
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t h e  c u t  s u r f a c e s  w i t h  a c a m e l ' s  h a i r  a r t i s t ' s  b r u s h ,  w h i l e  
t h o s e  i n  t h e  s o l i d  s t a t e  w e r e  f i n e l y  g r o u n d  w i t h  a m o r t a r  
a n d  p e s t l e  a n d  d u s t e d  o v e r  t h e  c u t - s u r f a c e s . The r e s t  o f  
t h e  p r o c e d u r e  w a s  t h e  sam e a s  f o l l o w e d  i n  t h e  a b o v e  f a t t y  
a c i d  e x p e r i m e n t .  The f a t t y  a c i d s  u s e d  w e r e  o l e i c ,  l i n o ­
l e i c ,  m y r i s t i c ,  s t e a r i c ,  a n d  p a l m i t i c  a c i d s .  T h i s  s t u d y  
w a s  i n i t i a t e d  o n  J u n e  18, 1968, a nd  r e p e a t e d  o n  J a n u a r y  16, 
1969.
r e f e c t  o f  T u b e r  M a t u r i t y  o n  
Sub e  r  i  z a  t  i o  n
The following test was conducted to determine the 
effect of tuber maturity on suberlzation and wound periderm 
f o r m a t i o n .  On May 5, 1968, approximately three weeks before 
the normal harvest date, three consecutive hills of the 
variety Red LaSoda were dug from a guard row in a test plot 
a t  Ben H u r .  Tubers from each hill were kept separate, 
allowing each hill to serve as a replication. Three 
u n i f o r m  tubers per hill were selected, cut in half, weighed, 
a n d  stored for one month at 6 8 degrees P, 85 per cent rela­
t i v e  humidity. This procedure wa» repeated each week for 
seven consecutive weeks.
The effect displayed by tuber maturity was deter­
mined o n  basis of weight l o s s  and suberin layer and wound 
p e r i d e r m  formation after o n e  month in s t o r a g e .  Suberin layer
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and wound periderm formation were determined by the sec­
tioning and staining procedure utilized in the chemical 
screening studies.
Effect of Nutrition on Suberization
A test was conducted to observe whether varying 
amounts of phosphorus and potassium in fertilizer applica­
tions had an influence on suberin layer and wound periderm 
formation. The variety Red LaSoda was grown at the Ben Hur 
farm under the following phosphorous and potassium ratest
N P K N P K
60- 1 2 0- 0 + 32 N 60- 0 - 32 + 32 N
60- 1 2 0- 30 + 32 N 60- 30 - 32 + 32 N
60- 1 2 0- 60 + 32 N 60- 60 - 32 + 32 N
60- 1 2 0- 90 + 32 N 60- 90 - 32 + 32 N
60- 1 2 0- 12 0 + 32 N 60- 1 2 0- 32 + 32 N
60- 1 2 0- 150 + 32 N 60- 150- 32 + 32 N
60- 1 2 0- 180 + 32 N 60- 180- 32 + 32 N
On June 11, 1968, three tubers were selected from 
lots harvested at each fertilization level and cut in half. 
They were then handled in a manner similar to that used in 
the tuber maturity study.
Effect of planting Date and 
Spacing " on 'sub e'r iza't io n
The effect of planting date and seed piece spacing
on the ability of the resulting tubers to suberize was also
studied, seed pieces of the variety Red LaSoda were planted
on January 24( pebruary 14, and March 3, 1969* under spacings
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of 6 , 12, and IS Inches. All treatments were grown under 
similar conditions and were harvested on June 3, 1968.
On June 5, 1968, three tubers of equal size were 
selected f r o m  p o t a t o e s  grown under each planting date and 
spacing. 'The tubers were cut in half, weighed, and stored 
at 6 8 degrees F and 85 per cent relative humidity for one 
m o n t h ,  a f t e r  which they were weighed, sectioned, stained, 
and observed for suberin layer and wound periderm develop­
m e n t .
E f f e c t  o f  S y s t e m i c  I n s e c t i c i d e s  
o n  S u b e r l z a t i o n
An experiment was conducted to investigate whether 
the systemic insecticides Fhorate and Temik had an influence 
on suberlzation in potatoes. Red LaSoda and LaChlpper 
tubers which had been grown in a test using Phorate and 
Teraik at the rates of 1, 2, and 3 pounds of active material 
per acre were examined.
Three tubers from each treatment were cut in half, 
weighed, stored, and rated as described above, nils pro­
cedure was repeated on July 11, 1968.
L a y e r  I d e n t i f i c a t i o n  a n d  M e r i t  S t u d i e s
During the course of the chemical test, a characteris­
tic condition or layer was observed to be generated by potas­
sium hydroxide, acetic acid, Rowroate, and linoleic acid
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treatments. Other chemicals also stimulated a similar 
condition but to a lesser degree. Similar layers were 
observed to form naturally over the exposed surfaces when 
the ends were removed from sweet potato roots.
As a result a series of tests were conducted to 
determine the mechanism involved and the chemical 
composition of these layers. Potassium hydroxide and 
acetic acid were chosen as representative of these treat­
ments and were employed in most of the investigations 
concerning this layer.
Up to this point 10,000 ppm of potassium hydro­
xide and acetic acid were observed to induce a thick, 
undesirable appearing layer, therefore, a study was 
designed to determine Whether a thick layer with desirable 
appearance could be obtained. This was hoped to be accom­
plished by varying the concentration of these materials.
The concentrations used were 1,000, 2,000, 3,000, 4,000, 
and 5,000 ppm potassium hydroxide or acetic acid in one 
liter of water. Each of the five concentrations was applied 
to six halved tubers per clone (Red LaSoda and LaChipper) 
as 30-minute soaks. Three of the seed pieces per treatment 
served as a replication. The remaining three seed pieces 
were used in the analyses of layer composition. The treated 
seed pieces were then stored at 6 8 degrees, 85 per cent
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relative humidity* They were visually ratsd for appearanca 
aftar a one-weak period in storage.
In order to determine if the potassium contained 
in potassium hydroxide was the stimulating force in layer 
formation, six tubers from five clones representing a wide 
range in inherent suberlzation ability were analyzed for 
potassium content* The analyses were made by the Louisiana 
State university Feed and Fertilizer Laboratory on July 29, 
1968.
Histological examinations were employed in the 
identification of the layers characteristically  induced 
by.potassium hydroxide and acetic acid. Samples cut from 
the layer region of the treated cut surfaces were fixed- 
killed, and preserved in a 70 per cent methanol-10 per cent 
formalin solution, ttie following stains (25, 33, 37, 66) 
were applied to both fixed and fresh tissue* a) sections 
were flooded with 1.0 per cent aqueous crystal violet for 
five minutes, cleared in 18 per cent hydrochloric acid, 
rinsed in ethanol and then in d is tille d  water (suberin 
positive); b) sections were flooded with 1.0 per cent 
safranin in cellosolve for five minutes, cleared in ethanol 
for three minutes and in 18 per cent hydrochloric acid for 
one minute (suberin positive); c) sections flooded with 1.0 
per cent iodine solution for 30-40 seoonds, washed 2-3
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minutes in ethanol and then rinsed in distilled water 
(starch positive); d) sections were placed in 0.1 per cent 
lacmoid solution for 2-3 days and then rinsed in distilled 
water (callose positive); 3) 0.005 per cent anilin blue in 
5 per cent ethanol applied in the same manner as the lac- 
moid stain (callose positive); and f) sections were flooded 
with 1 . 0  per cent fast green in cellosolve and cleared as 
described for safranin (parenchyma positive). Each of the 
stains was applied to three seed pieces, each of which 
served as a replication.
A pinch of scrapings secured from several of the 
characteristic layers was placed in a watch glass. A 
similar amount of commercial potato starch was placed in 
another watch glass. A drop of dilute iodine was then 
added to each watch glass. The stain reactions were 
recorded.
Three to five drops of concentrated sulfuric acid 
were added to watch glasses prepared as described above.
The products of the reactions between the rulfuric acid 
and the materials contained in the watch glasses were then 
dissolved in water. All observations were recorded.
A pinch of the scrapings was then placed into two 
small vials containing water and 95 per cent methanol, 
respectively. Commercially prepared starch was also treated
5 8
similarly. Solubility in each liquid was noted.
The utilization of potassium hydroxide or acetic 
acid for commercial cut-seed piece treatment would be 
feasible, provided that the induced layers proved to offer 
protection against pathogenic attack. As a result, it was 
decided to investigate the possibility of bulk treatment 
of cut-seed pieces with 2 , 0 0 0  ppm potassium hydroxide and
5,000 ppm acetic acid. Forty tubers of each clone (Red 
LaSoda, LaChipper) and forty tubers chosen at random from 
a bulk lot of potato clones were placed in individual sacks 
which were then placed in the appropriate solution for 30 
minutes. They were then stored for two weeks at 6 8 degrees 
F, 85 per cent relative humidity, removed, and stored for 
two months at 40 degrees F, 85 per cent relative humidity.
The untreated halves were also sacked and stored under 
similar conditions.
After two months in storage, the sacks were removed 
and the seed pieces were rated for appearance and per cent 
decay.
It was noted that the reaction stimulated at the 
cut-surface by potassium hydroxide and acetic acid was a 
rapid one. utilizing this observation, a study was initiated 
to investigate Whether these treatments might induce rapid 
healing of cut-surfaces under an adverse storage condition
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of 40 degrees F ,  35 p e r  c e n t  r e l a t i v e  h u m i d i t y .
Three tuber halves of Wisconsin-grown Red LaSoda 
and LaChipper potatoes were treated with 2000 pm potassium 
hydroxide and 4000 ppm acetic acid as 30-minute soaks.
They were t h e n  i m m e d i a t e l y  p l a c e d  i n  t h e  a b o v e  m e n t i o n e d  
s t o r a g e  c o n d i t i o n s .  T w  w e e k s  a f t e r  t r e a t m e n t ,  t h e y  w e r e  
r e m o v e d  f r o m  s t o r a g e  a n d  c o m p a r e d  w i t h  s i m i l a r l y  s t o r e d  
n o n - t r e a t e d  c h e c k s .  T h i s  p r o c e d u r e  w a s  r e p e a t e d  u s i n g  
L o u i s i a n a - g r o w n  t u b e r s  o f  Red L a S o d a ,  L a C h i p p e r ,  a n d  
L-31-155.
The ability of potassium hydroxide and acetic acid 
treated seed pieces to resist pathogenic attack was also 
investigated. Nine tubers from each of the variety LaChipper 
were halved. Nine of the resulting halves were treated with 
5000 ppm acetic acid and nine, with 2000 ppm potassium 
hydroxide. Both chemicals were applied as 30-rainute soaks.
A corresponding nu m ber  o f  u n t r e a t e d  h a l v e s  s e r v e d  a s  t h e  
checks. T h r e e  seed p i e c e s  p e r  r e p l i c a t i o n  w i t h  t h r e e  
replications per t r e a t m e n t  w e r e  u s e d  i n  t h i s  e x p e r i m e n t .
All of the seed h a l v e s  w e r e  t h e n  s t o r e d  f o r  o n e  w e e k  a t  
63 degrees F ,  35 p e r  c e n t  r e l a t i v e  h u m i d i t y .  On J a n u a r y  17, 
1969, all of the t u b e r  h a l v e s  w e r e  i n o c u l a t e d  w i h t  s o f t  r o t  
organisms cultured o n  p o t a t o  d e x t r o s e  a g a r  i n  a s i m i l a r  
manner as d i s c u s s e d  i n  an e a r l i e r  t e s t .  The c u t  t u b e r s  w e r e  
rated for d e c a y  o n  J a n u a r y  29, 1969. T h i s  s t u d y  w a s  r e p e a t e d
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i n  i t s  e n t i r e t y .  T h e  t u b e r s  w e r e  i n o c u l a t e d  o n  M arch  2 0 ,  
1 9 6 9 ,  a n d  r a t e d  o n  M a r c h  2 7 ,  1969.
In  o r d e r  t o  d e t e r m i n e  i f  t h e  l a y e r s  p r o d u c e d  b y  
p o t a s s i u m  h y d r o x i d e ,  e t c .  r e s u l t e d  f r o m  s t a r c h  b e i n g  
h y d r o l y z e d  a n d  t r a n s l o c a t e d  t o  t h e  c u t  s u r f a c e ,  o r  i f  t h e  
o u t e r  s e v e r a l  c e l l  l a y e r s  w e r e  k i l l e d ,  c a u s i n g  t h e  s t a r c h  
t o  p a s t e  i n  t h i s  a r e a ,  t h e  f o l l o w i n g  e x p e r i m e n t  w a s  c o n -  
d u c t e d .  T h r e e  s m a l l ,  o b l o n g  t u b e r s  w e r e  c u t  i n  h a l f .
A l i n e  w a s  t h e n  drawn % - in c h  b e l o w  a n d  p a r a l l e l  t o  t h e  
s u r f a c e .  E ach  h a l f  w a s  t h e n  p l a c e d  o n  i t s  d i s t a l  e n d  i n  
a s m a l l  j a r .  The r i m  o f  t h e  j a r  r e a c h e d  a p p r o x i m a t e l y  
o n e - h a l f  t h e  l e n g t h  o f  t h e  t u b e r .  The j a r s  w e r e  t h e n  
f i l l e d  w i t h  10,000 ppm p o t a s s i u m  h y d r o x i d e .  The t u b e r s  
w e r e  r e m o v e d  a f t e r  30 m i n u t e s  a n d  s t o r e d  a t  6 8 d e g r e e s  F,
3 5  p e r  c e n t  r e l a t i v e  h u m i d i t y .  T h e y  w e r e  r e m o v e d  f ro m  
s t o r a g e  a f t e r  tw o  w e e k s ,  a t  w h i c h  t i m e  t h e  h e a l e d - o v e r  
c u t - s u r f a c e s  w e r e  r e m o v e d  b y  g e n t l y  p a s s i n g  a  s c a l p a l  u n d e r  
t h e  n e w l y  f o r m e d  p e r i d e r m .  The d i s t a n c e  f r o m  t h e  e x p o s e d  
s u r f a c e s  t o  t h e  p a r a l l e l  l i n e  w a s  r e - m e a s u r e d  i n  t h e  t r e a t e d  
a n d  n o n - t r e a t e d  a r e a s .
P o s s i b l e  p r o c e d u r e  f o r  S c r e e n i n g  
S u b e r l z a ' t i o n '  A b i l i t y  o f  F i r s t  
Y e a r c l o  n e  s
On October 10, 1968, an attempt to screen first-year 
clones for suberlzation ability was initiated. Three tubers
61
p e r  c l o n e  (L-21-60, L-31-155, L-71-195) Red LaSoda, and 
L n C h i p p e r )  w e r e  each cut into six seed pieces of equal 
s i z e .  A l l  o f  t h e  s e e d  pieces from each tuber were kept 
s e p a r a t e .  A t o t a l  of three replications per clone was 
u s e d  i n  t h i s  s t u d y .
Twenty-four hours after cutting, one seed piece 
p e r  c l o n e  from each of the three replications was squeezed 
f i r m l y ,  but not extremely so, between the thumb and fore­
f i n g e r .  The occurrence of surface cracking, as well as the 
area i n  which i t  occurred, was recorded. After being 
s q u e e z e d ,  samples were cut from the tuber and killed and 
f i x e d  for histological examination as previously described. 
T h i s  was repeated a t  12-hour intervals through 84 hours.
On D e c e m b e r  17, 1968, the second run of this test 
w a s  b e g u n .  The sam e procedure was utilized with the 
f o l l o w i n g  exceptions: the use of three tubers per repli­
c a t i o n  rather than one; the use of the clone 71-79 instead 
o f  71-195; and the omission of the 36-hour sampling interval.
A l l  statistical analyses were made according to the 
p r o c e d u r e s  d e s c r i b e d  by LeClerg et al. (43).
CHAPTER I I I
RESULTS
F a c t o r s  i n f l u e n c i n g  Suberization
Tubers of the clones Red LaSoda, LaChlpper, L-31-155, 
a n d  l-22-112, stored at 40 degrees F, 85 per cent relative 
humidity, did not display any significant difference in 
w e i g h t  loss per month over a five-month period. Red 
L a S o d a  tubers, however, experienced the greatest monthly 
w e i g h t  loss (2.44 per cent), followed by L-31-155 (2.40 
p e r  cent), L-22-112 (2.10 per cent), and LaChipper (1.85 
per cent). The greatest total weight loss was also shown 
b y  R ed  LaSoda, 16.85 per cent, and the least by LaChipper,
1 6 . 0 0  p e r  cent.
From the data presented in Table VIII, it can be 
s e e n  that per cent weight loss of L-22-112 seed pieces 
w a s  the greatest at all weighing dates when they were 
s t o r e d  in common storage. At these conditions they lost 
more weight during the first 4 days of storage than corres­
ponding lots held at 35 and 60 degrees F throughout the 
duration of the test. Generally, weight loss was most 
rapid during the first six days under all storage condi­
tions. seed pieces lost less weight and were in the best
6 2
TADLF V I I I
I
FFFFCT OF DIFFERENT STORAGF CONDITIONS ON 





Mean Mean Mean Mean
per per per per
cent cent cent cent
Storage weight Storage weight Storage weight Storage weight
conditions loss conditions loss conditions loss conditions loss
D 30.46a D 43.52a D 54.25a D 57.14a
B 18.47 b B 23.02 b B 31.90 b B 35.16 b
A 7.24 c C 14.16 c A 16 • 96 c A 16.96 c
C 6 • 36 c A 11.74 c C 14.70 c C 15.74 c





Storage weight Storage weight Storage weight
conditions loss conditions loss conditions loss
D 69.72a D 73.34a D 77.40a
B 46.60 b B 62.42 b B 67.42 b
A 17.83 c A 27.06 c A 32.48 c
C 16.40 c C 17.10 c C 21.82 c
^Storage duration 2/22/67 - 4/5/67.
.continued




A * 35 degrees p, 85 per cent relative humidity
B * 40 degrees F, 85 per cent relative humidity
C ■ 60 degrees Ff 85 per cent relative humidity
D -  Common storage (approximately 80 degrees, 45 per cent relative humidity.
4MeaiB not having a le tte r in common are s ta tis tica lly  different at the .05 level of 
significance.
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physical condition when they were stored at 60 degrees F. 
Although seed pieces stored at 35 degrees F lost less 
weight than did those stored at either 40 degrees F or in 
common storage they became severely infected with mold 
after approximately three weeks.
When this test was repeated using Red LaSoda seed 
pieces, similar results were generally obtained, as indi­
cated by Table IX- However, seed pieces stored at 40 
degrees F resulted in a greater per cent weight loss than 
those held in common storage.
VThen dry weight determinations were taken monthly 
for four consecutive months on the clones L-31-155, 
L-22-112, Red LaSoda, and LaChipper, no significant 
differences could be measured for any one clone at the 
different sampling dates. However, the values listed in 
Table x depicts significance to have occurred among the 
four clones in mean per cent dry weight. No significant 
differences were noted between L-22-112 and Red LaSoda or 
between L-31-155 and LaChipper, but dry weights were signi­
ficantly higher in L-22-112 and Red LaSoda than in L-31-155 
and LaChipper.
r . f f e c t  o f  o x y g e n  S u p p l y  o n
C u p e r i z a t i o n
Clonal differences were found in the ability of cut 
seed pieces to withstand the stress of a limited oxygen
TAB I/ 7 IX
EFFECT OF DIFFFRFiTT S |V»?^GE COITOITIOXS OX KTAK WEIGHT LOSS OF
RKD L^SOEA PIECES -  1967
2 2 2 0
8/26/67 8/23/G7 6/30/67 9/1/67
Mean Mean Mean Mean
per per per per
cent cent cent cent
Storage 3 weigh t Storage weight Storage weight Storage weight
conditions less conditions loss conditions loss conditions loss
D 13.82a4 B 25.06a B 27.26a B 34.42a
B 11.54a D 15.83a D 17.42 b D 19.06 b
C 7.40a C 1 1 .6 8 b C 12.24 b C 12.24 b
A 3.52a A 4.40 b A 8 . 8 8 b A 11.44 b
2 2 2 2
9/16/67 9/29/67 10/13/67 10/27/67
- Mean Mean Mean Mean
per per per per
cent cent cent cent
Storage weight Storage weight Storage weight Storage weight
conditions loss conditions loss conditions loss conditions loss
B 54.92a B 69.56a B 74.84a 77.58a
D 22.63 b D 37.16 b D 37.16 b 1) 39.04 b
A 15.58 b A 21.72 c A 21.72 c A 29.40 b
C 12.94 b C 12.94 b C 16.92 c C 16.34 c
continued
TABLE IX ( c o n t i n u e d )





Storage condition A -  35 degrees F, 85 per cent relative humidity
Storage condition B -  40 degrees F, 85 per cent relative humidity
Storage condition C -  60 degrees F# 85 per cent relative humidity
Storage condition D = Common storage (approximately 80 degrees F and 75 per cent
relative humidity)
Means not having a le tte r in common are sta tis tica lly  different at the D5 level of 
significance.
TABLE X
CLONAL DIFFERENCES IN PER CENT DRY WEIGHT
Clones Mean per cent 
dry weight^-




H ie  an d r y  weights as an average of ail sampling dates.
2iioans not having a letter in common are statistically 
different at the .05 level of significance.
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supply. fnoso differences are presented in Tabic XI. On 
the basis of the mean number of days required for the first 
visible signs of breakdown and for complete collapse to 
occur. Red LaSoda seed pieces appeared to be the most 
resistant to a stress of this nature than seed pieces of 
any other clone tested. Although Red LaSoda was not 
significantly more stable than 21-60, mean differences of 
nearly one week existed between these two clones. The seed 
pieces of L-31-155 were observed to be significantly less 
able to withstand a limited oxygen stress than those of any 
other clone, as Indicated by the data for mean days to 
collapse. No significant differences were recorded among 
seed pieces of L-21-60, LaChipper, and L-31-55.
I n f l u e n c e  o f  S t o r a g e  Duration on Suberization
per cent seed piece decay after inoculation with 
c a r o t o v o r a and per cent weight loss were used to rate the 
influence of storage duration on suberization. Of the 
three clones inoculated upon removal from 6 8 degrees F,
85 per cent relative humidity storage, 50 per cent of the 
L-31-155 seed pieces cut from tubers previously held for 
1, 3, and 5 months at 40 degrees F, 85 per cent relative 
humidity, showed signs of decay. Nb signs of decay were 
apparent in any of the other L-31-155 seed piece lots. All 
the seed piece lots of both Red LaSoda and LaChipper also
T A B U  X I
EFFECT OF CLONE AND OXYGEN SUPPLY1 ON RATE 
OF SEED PIECE BREAKDOWN
Clones Mean days to 2 
incipient breakdown
Clones Mean days to 
break down3
Red LaSoda 24.75a4 Red LaSoda 36 . 00a
L-21-60 17.OOab L-21-60 30.75ab
LaChipper 12.50 be L-31-55 24.00 b
L-31-55 10.75 be LaChipper 23.00 b
L-31-155 6.75 c L-31-155 14.75 c
^The oxygen supply was limited by sealing suberized seed 
pieces in screw top ja rs .
2
Mean days to incipient breakdown (wateriness).
‘'Mean days to seed piece breakdown (collapse).
4
Means not having a le tte r  in common are s ta tis tic a lly  different 
at the .05 Level of significance.
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7 1
remained in sound condition under the conditions of this
experiment.
Contained in Table XII are the results of the per 
cent weight loss of seed pieces held one month at 6 8  
degrees F, 05 per cent relative humidity, after being cut 
from tubers stored 1, 2, 3, 4, and 5 months at 40 degrees 
F, 35 per cent relative humidity. In all clones, the 
period of greatest weight loss occurred in lots stored 
one month before cutting. The mean per cent weight loss 
by ned LaSoda seed pieces from this storage duration was 
significantly higher than those from the other durations. 
Although the one-month duration produced the highest 
mean per cent weight loss of L-31-155 and LaChipper seed 
pieces, it was not significantly higher. There were no 
significant differences in weight loss from any of the 
durations involving L-31-155 seed pieces. in all clones, 
seed pieces cut after two months' storage in the above 
conditions resulted in less weight loss than those from 
the other storage durations.
Screening of 19S7 Clones for Suberization
Ability
N o n e  of the clones were found to produce consis­
tently p o o r  results in all tests of the screening pro­
cedures. Only three clones (l-71-179, L-71-194, L-71-195) 
were o b s e r v e d  to r a n k  among the poorer clones in three of
TABLE X II
EFFECT OF STORAGE DURATION AND CLONE 
ON WEIGHT LOSS OF SEED PIECES FROM 
TUBERS STORED AT 40 DEGREES F AND 
£35 PER CENT RELATIVE HUMIDITY



















1 14.10a2 1 28.60a 1 10.15a
4 1 1 .9Sab 5 9.92 b 5 9.42a
5 3.32 be 4 7.65 b 3 3.00a
3 6.42 c 3 7.50 b 4 6.62a
2 5.77 c 2 6.50 b 2 6.55a
H Teight loss of seed pieces was determined 30 days after 
storage of 6 8 degrees F, 85 per cent relative humidity.
2Means not having a letter in common are statistically 
different at the .05 level of significance.
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the tests; however, all three of these clones did not per­
form poorly in the same three tests. When data for plant 
emergence and seed piece decay due to Inoculation with 
soft rot organisms were compared, only the clones L-71-79,
L-71—194, and L-71-195 were found to be Included in both 
categories.
C h e m i c a l  S t u d y
A total of 16 chemical compounds were screened in 
the suberization study of January 27, 1967, for their 
ability to induce rapid wound barrier formation. Of the 
16, the eight treatments listed in Table Xlllwere selected 
as possible suberins on the basis of seed piece cut surface 
appearance as compared to the check and materials dis­
carded. All selected treatments appeared to be superior 
in reducing seed piece shriveling, molding, and rotting,
A r e d u c t i o n  i n  w e i g h t  l o s s  a n d  an i n c r e a s e  i n  t h e  i n t e n s i t y  
o f  c u t  s u r f a c e  p o w d e r i n e s s  w a s  a l s o  n o t e d  t o  r e s u l t  f ro m  
t h e s e  t r e a t m e n t s .  O f  t h e  c o m p o u n d s  l i s t e d  i n  T a b l e  X I I I ,
Fptara,  c h l o r o g e n i c  a c i d ,  a n d  W eed on e  p r o d u c e d  t h e  m o s t  
d e s i r a b l e  c u t  s u r f a c e s .  In  a l l  c a s e s ,  t h e  s c r e e n e d  
m a t e r i a l s  s e e m e d  t o  i n d u c e  m ore  a d v e r s e  e f f e c t s  i n  t h e  f o r m s  
o f  s u r f a c e  p i t t i n g ,  w e i g h t  l o s s ,  a n d  d e c a y  o n  L a C h i p p e r  s e e d  
p i e c e s  t h a n  o n  Red L a S o d a  s e e d  p i e c e s .
The information secured from the storage and greenhouse
TABLE X I I I
TREATMENTS SELECTED PROM THE JANUARY 27, 1967,
SUBERIZATION STUDY
1 2 Treaments and Order Selected
Eptam 10 0 ppm
chlorogenic acid 1 0 0 0 ppm
vreedone 10 0 ppm
Caparol 100 ppm
Geigy 65-14260 1 00 ppm
Chloroneb 10 0 ppm
Terbacil 1 00 ppm
phenylenediamine 1 0 0 0 ppm
^Eptam; s-ethyl dipropyl thiacarbamate 
Wecdone: 2-(2,4,5-trichlorophenoxy) propionic acid
Caparol: 2,4-Bis (isopropylamine-6 - (raethythi<$-s-triazine
Geigy 65-14260: Experimental chemical
Chl o r o n e b :  1,4-dichloro-2,5-dimethoxybenz‘ene ("Demosam")
Terbacil: 3-tert-butyl-5-chloro-6-methyluracil ("Sinbar")
All of the chemicals at the conctrations designed were 
applied as instant dips.
2 The a b o v e  t r e a t m e n t s  were selected on the basis of observations 
cf t r e a t e d  s e e d  pieces in respects to surface molding, powderi­
n e s s ,  p i t t i n g ,  shriveling, and decay. They were selected in
continued
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TABLE X I I I  (c o n t in u e d )
reference to check treatmentst those treatments having a 
poorer appearance than the checks were discarded.
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s e g m e n t s  o f  t h e  J u n e  26, 1967, s u b e r i z a t i o n  s t u d y  i s  c o n ­
t a i n e d  i n  T a b L e s  ;<iv a n d  XV, Tfre t r e a t m e n t s  h e l d  i n  s t o r a g e  
w e r e  s c r e e n e d  o n  t h e  b a s i s  o f  c u t  s u r f a c e  a p p e a r a n c e  i n  
c o m p a r i s o n  w i t h  t h e  c h e c k  t r e a t m e n t s .  Otoe c o m p o u n d s  l i s t e d  
i n  T a b l e  XIV s e e m e d  t o  p r o d u c e  c u t  s u r f a c e s  t h a t  w e r e  a t  
l e a s t  a s  a p p e a l i n g  a s  t h o s e  p r o d u c e d  b y  t h e  c h e c k  s e e d  
p i e c e s .  G e i g y  65-14260 t r e a t e d  s e e d  h a l v e s  p r o d u c e d  
e x c e l l e n t  h e a l e d  o v e r  s u r f a c e s ,  d e v o i d  o f  m o ld  s h r i v e l ,  
a nd  d e c a y .  G i b b e r e l l i c  a c i d  i n  c o m b i n a t i o n  w i t h  e a c h  o f  
t h e  c h e m i c a l s  d i d  n o t  a p p e a r  t o  h a v e  a n y  a d v a n t a g e o u s  
i n f l u e n c e s  o n  t h e  c u t  s u r f a c e s .
The compounds observed in the September 4, 1967 
suberization study were also rated on the basis of cut 
surface appearance and per cent plant emergence, observa­
tions of the cut surfaces treated with chemicals in this 
study suggested that IAA, kinetin, B-Nine, Morsodren, 
fructose, and tyrosine resulted in consistently poorer 
quality seed pieces than those produced by the other 
treatments. Morsodren, IAA, UC22463, and fructose also 
ranked among the lowest treatments when per cent plant 
emergence was considered. Tfre data given in Table XVI 
indicate the order of treatment preference with regard to 
their effect on cut surface appearance, Hiere did not 
appear to be any striking differences among the methods of
TABLE XIV
TREATMENTS SELECTED PROM THE STORAGE TEST 
OF TIIE JUNE 26, 196 7 - SUBERIZATION
STUDY
T r e a tm e n ts^ - a n d  o r d e r 2S e l e c t e d
G e ig y  65-14260 100 ;ppm
E ptam 100 ppm
C h lo r o g e n i c  a c i d 1000 ppm
M o r so d r e n 100 ppm
UC 22463 1000 ppm
K i n e t i n 1000 ppm
B -N in e 1000 ppm
C u t O n ly  -  N o n t r e a t e d s e e d  ]p i e c e
W a ter  d i p  -  C u t s e e d  ]p i e c e s w a t e r  d ip p e d
^ G e lg y  65-L4260: Experimental chemical
Eptam: s-ethyl dipropyl thiocarbamate
Morsodren: cyano (methyl mercuri) quanidine
UC 22463: 3,4-dichlorobenzyl methyl carbamate ("Rowmate'') 
Kinetin: 6-furfurylaminopurine
B-Nine: Succinic acid 2,3-dimethylhydrazide
All of the chemicals at the designated concentrations were 
applied as instant dips.
2The above treatments were selected on the basis of observations
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TABLE X IV  ( c o n t i n u e d )
of treated seed pieces in respect to surface molding, powderi­
ness, pitting, shriveling, and decay. They were selected in 
reference to check treatments, those treatments having a poorer 
appearance than the checks were discarded.
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TABLE ;'V
TREATMENT EFFECT ON PLANT EMERGENCE 
UNDER GREENHOUSE1 CONDITIONS (1 967 )
Treatment^ Per Cent Treatment **er Cen-,:
Emergence ' - Emergence
Amibem 100 pm 75.00 Amiben 100 ppm + GA 3 ppm 100.03
B-Nine 1000 ppm 100.00 B-Nine 1000 ppm + GA 3 ppm 100.00
Caparol 100 ppm 100.00 Caparol 100 ppm + GA 3 ppm 100.00
chlorogenic acid 1000 ppm 100.00 chlcrogenic acid 1000 ppm + GA 3 ppm 100.00
Chloroneb 100 ppm 100.00 Chloroneb 100 ppm + GA 3 ppm 100.00
Ethrel 100 ppm 100.00 Ethrel 100 ppm + GA 3 ppm 75.00
Eptam 100 ppm 100.00 Eptam 100 ppm + GA 3 ppm 100.00
Geigy 65-14260 100 ppm 75.00 Geigy 65-14260 100 ppm + GA 3 ppm 100.00
gibberellic acid 3 ppm 75.00 gibberellic acid 3 ppm + GA 3 ppm 75.00
Kinetin 1000 ppm 100.00 Kinetin 1000 ppm + GA 3 ppm 75.00
Morsodren 100 ppm 100.00 Morsodren 100 ppm + GA 3 ppm 100.00
Off-Shoot 0 40,000 ppm 0.00 Off-Shoot 0 40,000 ppm + GA 3 ppm 25.00
c o n t in u e d
TADLF XV ( c o n t i n u e d )
2Treatment Per Cent Emergence Treatment
Per Cent 
Fmergence
phonylenediamine 1000 ppm 100.00 phenolenediamine 1000 ppm + GA 3 ppm 75.00
Terbacil 100 ppm 75.00 Terbacil 100 ppm + GA 3 ppm 100.00
UC 22463 1000 ppm 100.00 UC 22463 1000 ppm + GA 3 ppm 100.00
Weedone 100 ppm 75.00 Weedone 100 ppm + GA 3 ppm 100.00
Cut Seed pieces Only 100.00 VJater Dip Only 100.00
^Seed pieces of all treatments were planted in 6 inch clay pots containing a 1:1 Soil-
peat mixture.
4
All treatments were applied as instant dips. The combination treatments with 3 ppm 
GA were first dipped with the designated chemicals, seed pieces allowed to dry, and then 
re-dipped in GA.
2
Amiben: 3-amino-2,5-dichloro benzoic acid 
B-Nine: succinic acid, 2,3-dimethyl hydrozide
Caparol: 2,4-bis (isopropylamino)-6-(methythio)-s-traizine
Chloroneb: l,4-dichloro-2,5-dimethoxybenzene ("Deroosan")
Ethrel; 2-chloroethane phosphonic acid 
Eptam: s-ethyl dipropyl thiocarbamate
Geigy 65-14260: experimental chemical
GA: potassium salts of gibberellic acid
Kinetin: 6-furfurylamino purine 
Morsodren: cyano (methyl mercuri) quanidine
Off ShootO: methylesters of fatty acids Ce - C12 (C^  4%, Cg 5%, C^q 38%, C^2 2^ )
continued
TABLE XV ( c o n t i n u e d )
2 Per Cent . , P&ar Cent
Treatment Emergence Treatment Emergence
Terbacil; 3-tert-butyl-5-chloro 6-methyluracil (“sinbar'1)
UC 22463: 3,4-dichlorobenzyL methylcarbamate ("Rowmate")
Weedone: 2-(2,4,5-trichlorophenoxy) prppionic acid
application with any of the treatments other than UC22463. 
When th is material  ^ \a  applied as a 30-minute soak, 
surface discolor? ion was evident a fte r 5-6 hours. 
Approximately t d a y s  la te r, the occurrence of a watery, 
sticky film covering the entire cut surface was noted. The 
appearance of the seed pieces possessing th is  condition 
resembled that of severe soft ro t infection, even to the 
extent of a very fa in t odor characteristic  of potato 
tissue infested with soft rot* However, once th is 
film dried out, within a week a dark, tough, leathery-like 
layer developed.
After considering the Information contained in 
Table XVI, the following chemicals were selected for 
further investigation; chlorogenic acid, dextrose, sucrose, 
tryptophan, UC22463, Eptam, and Geigy 65-14260.
Analyses of variances of the mean differences in 
both suberin layer and to ta l protective barriers were used 
to ra te  the effectiveness of the treatments screened in the 
June 4, 1968 suberization study. The resu lts of these 
analyses are presented in Tables XVII, XVIII, XIX, XX,
XXI, and XXII. The resu lts of a l l  analyses run in th is 
study suggested that a significant interaction existed 
between sampling intervals and chemical treatments. There­




PREFERENCE ORDER BASED ON EFFECTIVTITFSE
OF CHENICAL TREATMENTS ON SUEE?lIZATlON
Instant Di] 
Treatments'i
15 Minute Soak 
Treatments
30 Minute Soak 
Treatments
Tryptoplan 1000 ppm Geigy 65-14260 1000 ppm Sucrose 1000 ppm
fructose 1000 ppm dextrose 1000 ppm UC 22463 1000 ppm
Kinetin 1000 ppm water soaks (Check) B-Nine 1000 ppm
UC 22463 1000 ppm chlorogenic acid 1000 ppm dextrose 1000 ppm
Instant Water Dip (check) Eptam 100 ppm Geigy 65-14260 100 ppm
tyrosine 1000 ppm fructose 1000 ppm Eptam 100 ppm
Cut only seed 
pieces
(check) tryptophan 1000 ppm chlorogenic acid - 1000 ppm
Sucrose 1000 ppm UC 22463 1000 ppm Tyrosine 1000 ppm
Eptam 100 ppm Cut Only Seed 
Pieces
(Check) Tryptophan 1000 ppm
chlorogenic acid 1000 ppm sucrose 1000 ppm Cutonly seed pieces (Check)
IAA 1000 ppm Morsordren 100 ppm Fructose 1000 ppm
dextrose 1000 ppm Kinetin 1000 ppm Morsordern 100 ppm
Geigy 65-14620 100 ppm B-Nine 1000 ppm Kinetin 1000 ppm
continued
TABLE XVI ( c o n t i n u e d )
Instant Dip 15 Minute Soak 30 Minute Soak
Treatments^ Treatments Treatments
Morsodren 100 ppm Tyrosine 1000 ppm V'ater Soaks (Check)
B-Nine 1000 ppm IAA 1000 ppm IAA 1000 ppm
^Descending order of preference based on visual observations of surface molding, 
powderiness, pitting, shriveling, and decay, as an average of all clones.
2
© B-Nine: succinic acid 2,2-diraethyl hydrazide ("Alar"
^ Eptam: s-ethyl dipropyl thiocarbamate
Geigy 65-14260; experimental chemical 
Kinetin: 6-furfurylaminopurine
Morsodren: cyano (methylmercuri) quanidine
3-IAA: 3-indolyacetic acid
UC 22463; 3,4-dichlorobenzyl methylcarbamate ("Rowmate")
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'.Che data for the instant dip treatments of the 
variety LaChipper are contained in Table XVII. From these 
results it can be seen that the Folyram treatment resulted 
in the thickest suberin layers at all intervals. However, 
the effect on suberin layers produced by Folyram was found 
to be significant only at the 48- and 96-hour intervals.
The observations recorded one week after treatment depicted 
the Polyram induced suberin layers to be significantly 
thicker than all other suberin layers except those stimu­
lated by chlorogenic acid. Geigy 65-14260 and sucrose were
likewise observed to be significantly better than the check
at the one week interval.
In total layer production, Polyram also produced 
significantly thicker layers at the one-week interval. 
Although Polyram did not net the thickest total layers after 
96 hours, its effect was not significantly less than that 
of sucrose which had induced the thickest total layers.
The effect of soaking LaChipper seed pieces for 
30 minutes in different chemicals, on healing of cut 
surfaces, is presented in Table XVIII. After 96 hours only 
sucrose was found to be significantly better than the check
in the production of suberin layers.
From the data in Table XVIII concerning total pro­
tective layers, it can be seen that UC22463 was significantly 
better than treatments at both sectioning intervals.
TABLE XVII
MEAN PROTECTIVE LAYERS ON LACHIPPER SEED PIECES 














Is 20.33 a4 Is 17.13a 1= 20.80a 1= 25.70a
A* 13.30 b o* 13.70ab A= 15.47 b H= 23.87ab
O  13.30 b &= 13.30ab 15.03 b B= 23.87ab
G= 11.90 b EM 13.30ab F= 14.17 b C= 19.43 bed
N-T= 11.50 b E= 13.30ab N-T= 13.73 b E= 16.37 cde
B= 11.03 b G« 13.30ab B= 13.30 b A= 16.33 cde
11.03 b H= 13.30ab D= 13,30 b F= 14.17 de
E= 11.03 b 13.30ab E* 13.30 b Ds 13.70 e
Fs 10.60 be A= 11.90ab C= 11.93 b G= 13.30 e
5.73 c F=* 11.03 b G= 11.90 b N-T= 11.97 e
a>











A= 30.50 b 
ft* 29.67 b 
O  29.20 b
( c o n t in u e d )
TABLE XV II ( c o n t i n u e d )
Kean total protective barrier development at each 
_______________sectioning interval______________
96 hour 1 week
Interval Interval
I>= 23.03ab H- 28.30 b
I- 22.57abc F= 26.60 b
H= 20.37abcd G= 26.60 b
A= 15.47 bed K -r= 26.60 b
N-T= 13.73 cd E= 25.67 b
E= 13.30 d I>= 25.23 b
^Length of time after treatment when measurements were taken.
^Chemical treatments:
UC 22463: 3,4-dichlorobenzyl methycarbamate ("Rowmate")
Geigy 65-14260: experimental chemical
O  sucrose 
I>» dextrose 
tryptophan
weedone; 2-(2,4,5-trichlorophenoxy) propionic acid 
G=* fructose 
H= chlorogenic acid
I» Polyram: A complex roisture of ethylene bis dithiocarbamic acid* zinc salts
and sulfides 
N-m Nontreated check seed pieces
All of the chemicals were applied as instant dips of 1000 ppm with the 
exceptions of Weedone and Geigy 65-14260 which were applied at 100 ppm.
( c o n t in u e d )
TABLE XVII ( c o n t i n u e d )
•^Measurements of layer thickness are expressed in microns,
^Means not having a letter in common are statistically different at the ,05 level of 
significance,




Chlorogenic acid and fructose also were significant to 
the check after 96 hours, but not after one week.
When the test materials were applied to Red LaSoda 
seed pieces as instant dip treatments, Polyram resulted in 
thicker suberin layers at all Intervals except the 48-hour 
interval. UC22463 was found to generate significantly 
thicker suberin layers after 43 hours (Table XIX) .
Measurements for total protective barriers, also 
found in Table XIX, depicts tryptophan as having resulted 
in the thickest layers of this type after 96 hours, and 
Polyram, after one week. However, no true difference 
wa3 found between tryptophan and the 96-hour check, but a 
significant difference did occur between tryptophan and 
Polyram at this time.
The 30-minute soak treatments listed in Table XX 
involving Red LaScda seed pieces resulted in no treatment 
means being significantly greater than the check on the 
basis of suberin layer development. It can also be seen 
in this table that UC22463 generated significantly larger 
total protective barriers at both 96 hours and one week 
after treatment.
None of the treatments applied as instant dips to 
L-31-155 seed pieces (Table XXI) netted better suberin 
layers than those produced by the checks. in total layers, 
only weedoreand tryptophan, after 96 hours, and tryptophan
TABLE X V III
MEAN PROTECTIVE LAYERS PRODUCED BY CUT LACHIPPER TUBERS 
SOAKED 30-MINUTES IN CERTAIN CHEMICAL COMPOUNDS - 6/4/68
Mean s u b e r in  la y e r  d e v e lo p m e n t a t  e a ch  
____________s e c t i o n i n g  i n t e r v a l _____________
48 hour 72 hour 96 hour I week
Interval interval interval Interval
2 3 4 
B** 13.30 a 13.3 a C= 19.90a 21.23a
!>■ 10.60a I>» 13.3 a 18.lOab Da 18.13ab
B* 10.60a 1*3 12.83a 15.03abc 18.13ab
1** 10.60a N-T= 12.33a G= 13.70 be N-T= 17.70ab
N-'P3 10.60a G=> 12.37a N~T“ 13.30 be B=* 15.03 b
F* 9.73a C= 11.93a E= 12.40 c C=* 14.17 b
9.73a 10.60a 12.40 c F= 13.73 b
C* 7.03 b P" 10.60a A* 11.90 c F* 13.73 b
5
Mean to tal protective barrier development
96 hour 1 week
Interval Interval
119.00a 
ft* 35.00 b 
G= 23.03 be 
B* 19.90 cd 
18.10 cd
A“ 115.67a 




( c o n t i n u e d )
TABLE X V III ( c o n t in u e d )
Mean t o t a l  p r o t e c t i v e  b a r r i e r  d e v e lo p m e n t
96 hour I week
Interval Interval
Qb 13.30 d N-T* 31.00 b
N-T* 13.30 d 27.90 b
&* 12.40 d ft* 29.34 b
F= 12.40 d I>= 27.92 b
^Length of time after treatment when measurements were taken.
2
Chemical treatments:
JIf UC 22463: 3,4-dichlorobenzyl methyl carbamate ("Rowmate")
^  G e ig y  65-14260: e x p e r im e n t a l  c h e m ic a l
O  s u c r o s e  
I>» d e x t r o s e  
&• tr y p to p h a n
P- weedone: 2-(2,4,5-trichlorophenoxy) propionic acid
G* fructose
chLorogenic acid 
nontreated check seed pieces
All chemicals were applied as 30-minute soaks at 1000 ppm with the exceptions 
of Weedone and Geigy 65-14260 which were applied at 100 ppm.
^Measurements of layer thickness are expressed in microns.
*Means not having a le tte r in common are sta tis tica lly  different at the .05 level of 
significance.
^Total protective barrier includes both suberin layer and wound periderm, and case- 
hardened area in the case of UC 22463.
TABLE XIX
MEAN PROTECTIVE LAYERS OP RED LASODA SEED PIECES 
AS AFFECTED BY CHEMICAL TREATMENTS - 6/4/6B
Mean suberin layer development at each
sectioning interval*
48 hour 72 hour 96 hour 1 week
Interval Interval Interval Interval
A^ 220.373
4a Is 19.90a Is 16.80a I» 35.00a
C» 13.30 b A- 13.30 b G« 15.90a G= 19.00 b
I* 13.30 b &■ 13.30 b N-T» 15.47a C=» 16,80 b
10.63 be N-T* 12.83 b As 14.60ab As 16.50 b
D- 10.13 be F* 12.37 b B= 13.30ab Es 15.93 b
B» 9.27 be D* 11.97 b E= 13.30ab 15.50 b
H-T* 8.80 be G» 11.93 b P» 13.30ab N-T= 15.03 b
F* 8.37 be H- 11.90 b tt* 13.30ab !>■ 14.13 b
O  8.37 be O  11.07 b C= 10.60ab D» 13.73 b
B* 6.27 c D» 11.03 b !> 9.27 b Fs 13.73 b
Mean to ta l protective barrier5 development
at each sectioning interval






G* 28.77 b 
O  26.60 be
( c o n t in u e d )
TABLE XIX ( c o n t in u e d )
Mean total protective barrier^ development 
__________at each sectioning interval_________
96 hour 1 week
Interval Interval
IV 20.13ab P= 26.60 be
N-lfc 19.47ab IV 25.77 be
I- 16.80 b N-Ife 24.77 be
15.90 b B= 23.00 be
14.60 b V 20.33 c
13.30 b As 19.47 c
IV 13.30 b IV 19.00 c
^Length of time after treatment when measurements were taken.
2Chemical treatments:
Dp UC 22463; 3,4 dichlorobenzyl methylcarbamate ("Rowroate")
Geigy 65-14260: expiermental chemical
O  sucrose 
IV dextrose 
R- tryptophan
pw Weedone: 2-(2,4,5-trichlorophenoxy) propionic acid 
O  fructose
chlorogenic acid
I* Polyraro; A complex mixture of ethylene bis dithiocarbamic acid, zinc salts 
and sulfides 
N-TW Nontreated check seed pieces
( c o n t i n u e d )
TABLE XIX (c o n t in u e d )
All of the chemicals were applied as instant dips of 1000 ppm with the exceptions 
of Weedone and Geigy 65-14260 which were applied at 100 ppm.
^Measurements of layer thickness are expressed in microns.
*Means not having a le tter in common are sta tistica lly  different at the .05 level of 
significance.
^TOtal protective barrier includes both suberin layer and wound periderm.
TABLE XX
MEAN PROTECTIVE LAYERS PRODUCED BY CUT RED LA SODA TUBERS 
SOAKED 30-MINUTES IN CERTAIN CHEMICAL COMPOUNDS-6/4/68
48 hour 
Interval










tt«212.833a H= 13.30a4 19.47a 18.60a
G- 12.37 a D= 12.83a N-T=« 15.93ab N-T= 15.47a
10.60 ab O 11.93a B* 14•17ab Da 15.03a
P- 6.83 ab N-TV* 11.93a P* 13.97ab BB 14.60a
B* 4.73 be ps 11.47a o= 13.30ab E=* 14.17a
4.73 be 11.03a 12.83ab O 13.70a
^  1.00 c G» 9.30a Qs 12.83ab G* 13.67a
O  0.67 c 8.37a H° 12.40 b Bs 13.33a
Mean total protective barrier development 
_______ at each sectioning interval
96 hour 
Interval
1 w eek  




B- 17.70 be 
N-I^ 3 15.93 be
A- 42.53a 
P* 30.10 b 
O  29.90 b 
E= 29.63 b 
27.47 b
( c o n t in u e d )
TABLE XX ( c o n t in u e d )
5
Mean t o t a l  p r o t e c t i v e  b a r r i e r  d e v e lo p m e n t  
at e a c h  s e c t i o n i n g  i n t e r v a l _________
96 hour 1 week
Interval Interval
IN 14.17 c G=* 27.43 b
F» 14.17 c IN 26.13 b
O 13.30 c N-T^= 25.43 b
G= 12.83 c 21.70 b
^Length of time after treatment when measurements were taken.
2
Chemical treatments;
A- uc 22463: 3«4 dichlorogenzyl methylcarbamate ("Rowmate")
IN Geigy 65-14260: experimental chemical
^  sucrose 
IN dextrose 
tryptophan
P* Weedone: 2- (2,4,5-trichlorophenoxy) propionic acid
O  fructose 
N  chlorogenic acid 
H-Tw Hontreated check seed pieces
All of the chemicals were applied as 30-minute soaks of 1000 ppm with the exceptions 
of Weedone and Geigy 65-14260 which were applied at 100 ppm.
^Measurements of layer thickness are expressed in microns.
A
Means not having a le tte r in common are sta tis tica lly  different at the .05 level of 
significance.
TABLE XX ( c o n t in u e d )
**Tbtal protective barrier includes both suberin layer, wound periderm, and case- 
hardened area in the case of UC 22463.
9 8
and Polyram, a fter one week, resulted in layers s ig n ifi­
cant to checks.
Similar resu lts as reported for the l-31-155 seed 
pieces instant dip treatments concerning suberin layer 
development were obtained from the 30-minute soak tre a t­
ments of L-31-155 seed pieces (Table XXIX).
True differences existed among treatments in to ta l 
layers produced after 96 hours and a fte r one week from 
treatment. UC22463 was better than a l l  treatments after 
96 hours and after one week; however, no s ta tis t ic a l  
difference could be measured between th is chemical and 
chlorogenlc acid at the one week interval.
The June 4, 1968, suberization study was repeated 
on August 15, 1968, with three additional treatments included. 
Table XXIII indicates that no significant differences in 
suberin layers of instant dipped Red LaSoda seed pieces 
occurred in the 24, 48, and 72-hour tissue sections. Al­
though Polyram showed the highest mean for suberin layers 
produced a fte r 48, 72, and 96 hours, the only treatment to 
which i t  was superior was dextrose at the 96-hour period.
After one week, 1000 ppm acetic acid was significantly better 
than a l l  treatments. Table XXin also illu s tra te s  that Polyram 
was significantly more effective than the check in the pro­
duction of to ta l protective barriers .
TABLF XXI
MEAN PROTECTIVE LAVERS OF L-31-155 SEED PIECES 
AS AFFECTED BY CHEMICAL TREATMENTS - 6/14/68
Suberin layer development 
at each sectioning interval^ -
48 hour 72 hour 96 hour 1 week
interval Interval Interval Interval
o 2 17.803a4 In 17.17a
I- 14.17 ab An 15.90a
A- 13.73 ab C» 15.03a
13.30 ab H- 13.37a
12.83 ab O 13.63a
D» 12.37 ab B“ 13.30a
N-IW 12.37 ab E» 13.30a
Bn 11.93 ab N-*B- 12.40a
O 11.53 ab I>* 11.90a
Fn 9.00 b F“ 11.03a
1- 19.90a E- 28.80a
N-T* 17.70ab I* 28.76a
ft* 16 .37ab N-3^ 23.60ab
D=« 14.60ab A» 20.30 be
O 14.17ab B* 18.75 bed
G= 13.30ab G= 15.93 cde
E= 13.07ab H* 14.80 cde
ft* 12.83ab B- 13.07 de
A* 12.37ab O 11.50 e
F= 10.60 b Fn 11.06 e
Mean t o t a l  p r o t e c t i v e  b a r r i e r  d e v e lo p m e n t  
a t  e a c h  s e c t i o n i n g  i n t e r v a l _________











I* 27.47 be 
G= 26.13 bed
N-T= 25.80 bed (continued)
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TABLE XXI ( c o n t in u e d )
Mean t o t a l  p r o t e c t i v e  b a r r i e r 5 d e v e lo p m e n t  
__________at e a c h  s e c t i o n i n g  i n t e r v a l _________
96 hour 1 week
Interval Interval
N-3N 17.70 cd F* 25.70 bed
O 16.80 cd ©* 23.90 bed
IN 14.60 d 21.23 cd
G- 13.30 d A= 20.33 d
1-Length of time after treatments when measurements were taken.
^Chemical treatments:
JN UC 22463: 3,4 dichlorobenzyl methylcarbaroate ("Rovmate")
Geigy 65-14260: experimental chemical
O  sucrose 
IN dextrose 
tryptophan
F* Weedone; 2-(2,4,5-trichlorophenoxy) propionic acid 
O  fructose 
IN chlorogenic acid
I« Polyram: A complex misture of ethylene bis dithiocarbamic acid, zinc salts and
sulfides
H-TN Etontreated check seed pieces
All of the chemicals were applied as instant dips of 1000 ppm with the exceptions 
of Weedone and Geigy 65-14260 which were applied at 100 ppm.
^Heasurements of layer thickness are expressed in microns.
( c o n t i n u e d )
101
TABLE XXI ( c o n t in u e d )
A
Means not having a le tter in common are sta tistica lly  different at the ,05 level of 
significance.
5Total protective harrier Includes both suberin layer and wound periderm.
TABLE XX II
MEAN PROTECTIVE LAYERS PRODUCED BY CUT L-31-155 TUBERS SOAKED 
30-MINUTES IN CERTAIN CHEMICAL COMPOUNDS - 6/4/68
Mean suberin layer development at each 
sectioning Interval1____________
48 hour 72 hour 96 hour 1 week
interval Interval interval interval
O 213.303a4 G» 14.17a Cm 15.03a IV 21.70a
IV 13.30 a O 13.30a Cm 14.60a IV 19.90ab
B - 12.40 a IV 13.30a IV 14.57a o 17.67abc
E- 12.40 a 13.30a N-T* 14.17a 16.80abc
N-lw 12.40 a N-T* 12.80a BV 13.37a 15.SOabc
G- 11.50 a B* 12.40a F» 11.47a R* 15.46abc
B* 10.60 a E“ 12.40a (V 10.63a Qm 15.03 be
Fw 1.00 b PF 5.17 b IV 10.17a F“ 11.97 c
Mean t o t a l  p r o t e c t i v e  b a r r i e r  d e v e lo p m e n t  
at e a c h  s e c t i o n i n g  i n t e r v a l _________
96 hour 1 week
interval interval
JV114.62a Af 43.00a
24.37 b IV 34.80ab
Cm 22.57 be N-1V 32.43 b
D- 21.23 be IV 31.43 b
E- 20.37 c CV 30.10 b
G= 18.13 c B* 28.80 b
N-lte 17.70 c &» 27.70 b ( c o n t i n u e d )
TABLE X X II ( c o n t in u e d )
5
Mean total protective barrier development 
__________at each sectioning interval_________
96 hour JL week
interval interval
16.40 c F“ 26.60 b
F™ 11.40 c G=* 26.60 b
1 Length of time after treatment when measurements were taken.
2
Chemical treatments:
Ap UC 22463: 3,4 dichlorogenzyl roethylcarbamate ("Rowmate")




weedone; 2 -(2,4,5-trichlorophenoxy) propionic acid 
fructose 
B* chlorogenic acid 
N-T* Nontreated check seed pieces
All of the chemicals were applied as 30-minute soaks of 1000 ppm with the excep­
tions of Weedone and Geigy 65-14260 which were applied at 100 ppm.
^Measurements of layer thickness are expressed in microns.
^Means not having a le tte r in common are sta tistica lly  different at the .05 level of 
significance.
^TOtal protective barrier includes both suberin layer, wound periderm, and case 
hardened area in the case of UC 22463.
TABLE X X III
Mean protective layers of Red LaSoda seed pieces 
as affected by chemical treatments - 8/15/68
24 hour 48 hour 72 hour 96 hour 1 week
Interval Interval Interval Interval Interval
> 8 .8 3  a I« 17.27a I» 22.60a 1= 26.57a4 10= 36.77a
G» 7.50 a D- 14.17a IN 18.13a ft- 23.47ab I*» 24.37 b
I«i 7.40 a Bo 14.17a > 18.13a G*= 20.37ab > 19.97 b
C- 7.07 a Jo 14.17a Kf 17.23a E= 20.33ab IN 17.97 be
70.3 a N-T* 13.70a N-IV 17.23a O 19.90ab 17.27 be
Fm 6.53 a PW 13.30a Am 17.20a FW 19.90ab > 16.40 be
H-T* 5.20 a 13.30a IN 16.36a Jo 19.90ab J» 16.37 be
4.73 a >■ 13.30a 15.83a L= 19.90* C= 16.33 be
> 3.77 a O 12.83a O 15.47a N“lr» 19•44ab IN 15.90 be
> 2.87 a 12.47a Go 15.03a A=» 19.43ab F* 13.73 be
IN 2.87 a &■ 12.40a 13.73a Kp 19.43ab N-1W 13.70 be
E» 1.00 a G* 11.97a 13.33a B» 18.03ab B- 10.60 be
1.00 a A- 11.07a Jo 13.33a IN 17.67 b A- 9.4 c











TABLE X X I I I ( c o n t in u e d )
5




Rs 25.00 b 
24.80 b 
E- 23.03 b 
N-T= 21.70 b 
A- 21.23 b
^Length of time after treatment when measurements were taken.
^Chemical treatments:
UC 22463: 3,4-dichlorobenzyl methylcarbamate ("Rowmate") at 1000 ppm
IN Geigy 65-14260: experimental chemical at 100 ppm
O  sucrose at 1000 ppm 
Dm dextrose at 1000 ppm 
E- tryptophan at 1000 ppm
T* Weedone: 2-(+,4,5-trichlorophenoxy) propionic acid at 100 ppm
O  fructose at 1000 ppm
chlorogenic acid at 1000 ppm 
I* Polyram: A complex misture of ethylene bis dithiocarbamic acid, zinc salts
. and sulfides (7% dust)
Jm acetic acid at 5000 ppm 
IN acetic acid at 1000 ppm 
b* potassium hydroxide at 1000 ppm
All of the chemicals at the designated concentrations were applied as instant dips.
(continued)
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TABLE X X III ( c o n t in u e d )
3
M easu rem en ts of l a y e r  thickness are expressed in microns.
*Means not having a le tter in common are sta tistica lly  different at the .05 level of 
significance.
^Tbtal protective barrier includes both suberin layer and periderm.
L07
No significance resulted in any of the mean d if­
ferences shown in Table XXIV* for the 30-mlnute Red LaSoda 
soak treatments at the 24-, 48-, and72-hour sectlonings.
At the 96-hour and at the one-week in tervals, some d if­
ferences were found, but no treatment was better than the 
check.
In to ta l barrier forma* ^th UC22463 and 5000
ppm acetic acid were significa Jtter than a l l  other
compo undo.
The findings of the instant dip treatments given 
to L-31-155 seed pieces suggested Polyram was significantly 
more effective in suberin layer production, as an average 
of a l l  intervals, than any of the other chemicals (Table 
XXV). Both Polyram and fructose were better than the 
check in stimulating to ta l barrier development.
Plates 1 through 4 illu s tra te  suberin layer develop­
ment in Polyram treated Red LaSoda seed pieces and treated 
checks at the 72 hour and one week intervals.
ifre data displayed in Table XXVI suggested that none 
of the 30-minute soak treatments were better than the check 
in promoting suberin layer formation in L-31-155 seed 
pieces.
In to ta l layer production, 5000 ppm acetic acid 
and sucrose generated layers significantly greater than any 
of the other treatments except UC22463.
TABLE XXIV
MEAN PROTECTIVE LAYERS PRODUCED BY CUT RED LASODA TUBERS SOAKED 
30-MINUTES IN CERTAIN CHEMICAL COMPOUNDS - 8/15/68
Mean suberin layer development at each 
____________sectioning interval^-___________
24 hour 48 hour 72 hour 96 hour 1 week
Interval interval Interval interval Interval
»= 9.30a J« 17.49a A= 20.30a J= 27.00a A*» 24.37a
O 8.80a D- 17.20a 20.30a N-IM 22.60ab N-T= 21.23ab
IM 8.40a 15.03a O- 19.43a Im 22.17ab O 19.23ab
!*■ 8.40a G* 14.60a O 18.57a EM22.16ab Kp 18.57ab
N-T* 8.40a N-T= 14.60a EM 18.53a 20.37ab 1^ 17.73ab
E» 8.30a 1^ 12.83a 17.67a o 20.00ab Jo 16.37ab
O 3.37a B=* 12.40a N-T= 17.23a Os 19.03ab FM 15.90ab
F* 3.30a F- 12.40a B= 16.30a KM 19.03ab EM 14.13ab
1.00a Kp 11.46a 1m 16.30a EM 16.83ab O* 13.27ab
J- 1.00a O* 10.83a EM 14.46a B= 16 .7 7ab H- 13.27ab
1^  1.00a A= 9.07a F** 14.16a E= 15.93 b B* 11.50 b
A* 0.30a EM 9.02a 14.16a B= 14.16 b E- 8.63 b
Mean to tal protective barrier^ development as an 





F* 29.23 b ( c o n t in u e d )
TABLE XXIV (co n tin u ed )
Mean total protective barrier"* development as an 
______ average of all sectioning intervals_____
1 week 
Interval
o» 2 8 .7 7 b
D= 2 6 .6 6 b
2 6 .1 3 b
2 5 .6 5 b
2 3 .9 0 b
N-T= 2 3 .2 5 b
Kp 2 2 .8 0 b
2 1 .0 3 b
E« 1 8 .5 8 b
^Length of time after treatments when the measurements were taken.
2Chemical treatments:
A^  UC 22463: 3,4-dichlorobenzyl roe thy carbamate ("Rowroate") at 1000 ppm
I* Geigy 65-14260: experimental chemical at 100 ppm
O sucrose at 1000 ppm 
I>» dextrose at 1000 ppm 
^  tryptophan at 1000 ppm
Weedone: 2-(2,4,5-trichlorophervoxy) propionic acid at 100 ppm
O fructose at 1000 ppm 
ft* chlorogenic acid at 1000 ppm
I- Polyram: A complex mixture of ethylene bis dithiocarbamic acid, zinc salts
and sulfides {1% dust)
Jb acetic acid at 5000 ppm 
ft* acetic acid at 1000 ppm
!/■ p o ta s s iu m  h y d r o x id e  a t  1 0 0 0  ppm ( c o n t in u e d )
TABLE XXIV ( c o n t in u e d )
3
M easu rem en ts  of layer thickness are expressed in microns.
*Means n o t  h a v i n g  a  l e t t e r  i n  common are sta tis tica lly  different at the .05 level.
5T o t a l  protective barrier includes both suberin layer, wound periderm, and the case 
h a r d e n e d  area in the case of UC 22463 and acetic acid (5000 ppm).
TABLE XXV
MEAN PROTECTIVE LAYERS OF L-31-155 SEED 
PIECES AS AFFECTED BY CHEMICAL 
TREATMENTS - 8/15/68
Mean suberin layer development as an 
































TABLE XXV ( c o n t i n u e d )
1Length of time a fter treatments when measurements were 
taken.
^Chemical treatments;
A- UC 22463: 3,4-dichlorobenzyl methylcarbamate
("Rowroate") at 1000 ppm 
B- Geigy 65-14260: experimental chemical a t 100 ppm
O  Sucrose at 1000 ppm 
1  ^ dextrose at 1000 ppm 
E- tryptophan at 1000 ppm
Fm Weedone: 2-(2f4,5-trichlorophenoxy) propionic 
acid at 100 ppm 
G- fructose at 1000 ppm
chlorogenic acid at 1000 ppm 
X- Polyram; A complex mixture of ethylene bis 
dithiocarbamic acid, zinc sa lts  and sulfides 
{1% dust)
J~ acetic acid at 5000 ppm 
Ym acetic acid at 1000 ppm 
1  ^ potassium hydroxide at 1000 ppm
All of the chemicals at the concentrations designated 
were applied as instant dips.
^Measurements of layer thickness are expressed in microns.
4Means not having a le tte r  in common are s ta tis tic a lly  
different at the .05 level of significance.






Plates 1,2.-Tissue sections of Red LaSoda potato, X125. 
Euberized walls are black, Plate 1, control section 
showing less than 1 euberized ce ll layer a fter 72 hours. 
Plate 2, Folyrara treated section showing 2 euberized 
cell layers a fter 72 hours.
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Plate 3
Plate 4
P l a t e s  3,4 .- T i s s u e  sections of Red LaSoda potato, X125, 
Plate 3, control showing 2 euberized ce ll layers and 
per idertn, formation a fte r 1 week. Plate 4, Poly ran 






MEAN PROTECTIVE LAYERS PRODUCED BY CUT L-31-155 TUBERS SOAKED 
30-MINUTES IN CERTAIN CHEMICAL COMPOUNDS - 8/15/68
Mean suberin layer development at each 
____________sectioning interval*___________
24 hour 48 hour 72 hour 96 hour 1 week
Interval Interval Interval interval Interval
EN29.73a4 15.47a Kf* 26.60a Ca 31.00a H= 30.57a
8.830 A= 14.60a 25.70a H= 27.00a to* 30.13a
7.40a O 13.70a O 23.47a B= 26.60a o» 27.47ab
G- 6.53a G- 13.70a J= 23.47a ft* 25.23a ft* 27.47ab
4.73a K= 13.30a L= 22.57a If* 24.80a N-1M 26.13ab
3.77a 1^ 13.30a to* 20.80a EM 23.47a G3 23.47abc
Am 3.60a Rat 13.27a Fa 19.90a N-TM 23.47a to* 23.03abc
N-TV 3.30a N-T3 13.27a G= 19.47a Jta 23.03a 3a 22.47abc
O  2.87a to* 12.37a B- 18.57a o* 19.90a A= 19.03 be
^  1.00a F* 9.20a Aa 18.37a A» 18.37a FM 19.00 be
Tm 0.67a J= 8.30a N-T= 18.30a ft* 18.37a B- 16.33 c
P>" 0.00 b E= 6.53a E= 17.10a PM 17.7 a EM 12.93 c
5
Mean total protective barrier as an average of a ll
sectioning intervals
J* 66.05a 
O  58.47a 
A= 55.07ab 
D= 46.93 be 
43.83 bed
E= 4 0 .9 3  c d  ( c o n t in u e d )
TABLE XXVI ( c o n t in u e d )
5









A* UC 22463: 3,4-dichlorobenzyl methylcarbamate (“Rowmate") at 1000 ppm
>  Geigy 65-14260: experimental chemical at 100 ppm
O  sucrose at 1000 ppm
>  dextrose at 1000 ppm 
tryptophan at 1000 ppm
F* Needone; 2-(2,4,5-trichlorophenoxy) propionic acid at 100 ppm 
G* fructose at 1000 ppm 
ffr* chlorogenic acid at 1000 ppm 
J"  acetic acid at 5000 ppm 
acetic acid at 1000 ppm 
I#* potassium hydroxide at 1000 ppm
3
Measurements of layer thickness are expressed in microns.
^Means not having a le tte r in common are sta tis tica lly  different at the .05 level of 
significance.
5Total protective barrier includes both suberin layer and periderm.
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No significant differences were found for either 
suberin layer or to ta l barrier formation in Red LaSoda, 
LaChippor, and l- 31-155, as evidencedby the findings 
lis ted  in Table XXVII.
Seed pieces of the variety Red LaSoda were treated 
on August 12, 1968, with a series of co-emzymes and several 
of the compounds selected from the previous te s ts . The 
resu lts in Table XXVIII show that adenosine diphosphate 
(ADP) and polyram promoted suberin layers significantly 
thicker than the check under the conditions of th is 
experiment. The ADP and Polyram stimulated suberin layers 
were not significantly better than that produced by 5000 
ppm potassium hydroxide, adenosine monophosphate (AMP), 
sucrose, thiamine pyrophosphate (TPP), reduced nicotina­
mide adenine dinucleotide phosphate (NADPH), 1000 and 5000 
ppm acetic acid, and adenosine triphosphate (ATP).
UC22463 was the least effective as a suberin layer 
inducer, but the most effective as a wound periderm 
stimulator. Only UC22463 and 1000 ppm acetic acid performed 
more effectively than the check as wound periderm stimulators.
When combined measurements for suberin layer and wound 
periderm were secured, only 1000 ppm acetic acid out-performed 
the check significantly .
Table XXIX Illu s tra te s  that both the check and UC22463 
treated seed pieces lost twice as much or more weight in 68
TABLE X X V II
CLONAL DIFFERENCES IN PROTECTIVE LAYER FORMATION
Clone^ Layer Thickness Clone Layer Thickness
31-155 14.673a4 31-155 23.04 a
Red LaSoda 12.95 a Lachipper 22.77 a
Lachipper 12.65 a Red La Soda 21.68 a
-^Clones used in the suberization studies on Which the 
chemical treatments were screened.
2
Total protective barrier includes both the suberin layer 
and the wound periderm.
3
Measurements of layer thickness are expressed in mean 
number of microns as an average of a l l  sectioning intervals,
4Meana not having a le tte r  in common are s ta tis tic a lly  
d ifferent at the .05 level of significance.
1 1 8
TABLE X X V III
MEAN PROTECTIVE LAYERS OF RED LA SODA SEED PIECES 
















9 1 9 .9 o k 4 6 23.97a 1 35.00a
8 19.OOab 1 28.43a 6 31*87ab
5 16.40abc 2 16.37ab 2 30.05abc
10 16.33abcd 11 15.90ab 11 27.77abc
7 16.33abed 13 15.50abc 13 28.80abc
19 15.57abed 12 14.63 be 18 28.77abc
18 15.50abcd 18 13.27 be 8 27.90abcd
1 14.16abed 3 12.43 be 10 27.43abcd
2 14.13abcd 4 11.50 be 7 27.00 bed
11 14•13abcd 10 11.10 be 19 26.60 bed
3 13.27 bede 7 10.67 be 5 26.36 bed
16 13.27 bede 5 10.63 be 9 25.77 bed
13 13.33 bede 20 10.27 be 3 25.70 bed
17 12.39 cde 19 10.03 be 12 25.27 bed
4 11.53 cde 17 9.74 be 20 24.30 bede
20 11.50 cde 8 8.90 be 4 23.03 bede
15 11.03 cde 16 8.43 be 17 2 2 .1 0  cde
12 10.63 cde 15 7.97 be 16 21.70 cde
14 10.63 cde 14 5.87 c 15 19.00 de
6 7.90 e 9 5.87 c 14 15.90 e
-^Treatments:
1) acetic acid at 1000 ppm
2) acetic acid at 5000 ppm ( c o n t in u e d )



















chlorogenic acid at 1000 ppm 
potassium hydroxide at 1000 ppm 
potassium hydroxide at 5000 ppm
UC 22463- 3,4-dichlorobenzyl roethylcarbamate ("Rowioate") at 1000 ppm 
sucrose at 1000 ppm
Polyram {1% dust)- A complex mixture of ethylene bis dicarbamic acid, zinc salts 
and sulfides
ADP- adenoside diphosphate sodium at 1000 ppm
AMP- adenosine 51 monophosphate dihydrate at 1000 ppm
ATP- adenosine 5* triphosphate, dibarium 4 H2O at 1000 ppm
DPN- nicotinamide adenine dinucleotide at 1000 ppm
DPNH- nicotinamide adenine dinucleotide (reduced) at 1000 ppm
Bthrel- 2-chloroethane phosphonic acid at 2500 ppm
Ethrel- 2-chloroethane phosphonic acid at 5000 ppm
Bthrel- 2-chloroethane phosphonic acid at 7500 ppm
Morsodren- cyano (roethylmercuri) quanidine at 100 ppm
NADFH- nicotinamide adenine dinucleotide phosphate (reduced) at 1000 ppm
TPP- thiamine pyrophosphate, chloride at 1000 ppm
Check- untreated cut seed pieces
Treatments 1-7 were applied as 30 minute soaks
Treatments 9-19 were applied as instant dips
^Tbtal layer includes both suberin layer and periderm. 
^Measurements of layer thickness are expressed in microns.
^Means not having a le tte r in common are sta tis tica lly  different at the .05 level of 
significance.
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degrees F, 35 per cent relative humidity storage for one 
month than did DPN, NADPH, ATP, Polyram, and sucrose 
treated seed pieces.
Field te s t resu lts involving these compounds, 
presented in Table 3QCX, indicated that no significant 
differences among the treatments were obtained for per 
cent plant emergence or tubex yield. However, i t  was 
noted that Morsodren and DPNH both resulted in 100 per 
cent plant emergence; whereas, UC22463, sucrose, and 1000 
ppm acetic acid had less than 70 per cent plan emergence.
Tuber yields of two pounds or more per plot per treatment 
were harvested from 5000 ppm Ethrel, ADP, chlorogenic acid, 
and UC2246 3.plots; whereas, less than one pound per plot 
per treatment were harvested from 1000 ppm acetic acid, 
Morsodren, and AMP plots. No treatment resulted in s ig n ifi­
cantly more vigorous plants than the checks.
Referring to Table 300CI, i t  can be seen that chloro­
genic acid, ATP, Polyram, and Morsodren resulted in 45 per 
cent or more recoverable mother seed pieces at harvest 
(Morsodren netted 80 per cent recoverable mother seed pieces). 
Ten per cent or less of the mother seed pieces were recovered 
from the 5000 ppm potassium hydroxide, 5000 ppm acetic acid, 
25000, 5000, and 7500 ppm Ethrel, and the check treatment.
When the condition of the recovered mother seed pieces
TABLE XXIX
HEIGHT LOSS OF RED LASODA SEED PIECES AS AFFECTED 
BY CHEMICAL TREATMENTS - 8/12/68
chemical^
Treatment























IJ acetic acid at 1000 ppm
2) acetic acid at 5000 ppm
3) chlorogenic acid at 1000 ppm
4) ptassiuro hydroxide at 1000 ppm
5) potassium hydroxide at 5000 ppm
6) UC 22463 - 3,4-dichlorobenzyl methylcarbamate 
("Rowtnate") at 1000 ppm
7) sucrose at 1000 ppm
8 )  P o ly r a m -  A c o m p le x  m i x t u r e  o f  e t h y l e n e  h i s  
d i c a r b o m i c  a c i d ,  z i n c  s a l t s  a n d  s u l f i d e s ,  1% d u s t
9) ADP- adenoside diphosphate eocium a t 1000 ppm
10) AMP- adenosine 5' monophosphate dihydrate at
1000 ppm
( c o n t i n u e d )
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TABLE SOCTX ( c o n t i n u e d )
11.) ATP- adenosine 5' triphosphate, dibarium 4H^ 0 at 
1000 ppm
12) DPN- nicotinamide adenine dinucleatide a t 1000 ppm
13) DPNH- nicotinamide adenine dinucleatide (reduced) 
at 1000 ppm
14) E t h r e l -  2- c h l o r o e t h a n e  p h o s p h o n i c  a c i d  a t  2500 ppm
15) Ethrel- 2-chloroethane phosphonic acid at 5000 ppm
16) Ethrel- 2-chloroethane phosphonic acid at 7500 ppm
17) itorsodren- cyano (methylmercuric) quanidine at 100
ppm
13) NADPH- incotinamide adenine dlnucleotide phosphate 
(reduced) at 1000 ppm
19) TPP— thiamine pyrophosphate chloride at 1000 ppm
20) C h e c k -  U n t r e a t e d  c u t  s e e d  p i e c e s
Treatments 1-7 were applied as 30 minute soaks. 
Treatments 9-19 were applied as instant dips.
2
Mean w e i g h t  L o s s :  w e i g h t  l o s s  c h e m i c a l l y  t r e a t e d  c u t
s e e d  p i e c e s  s t o r e d  a t  68 d e g r e e s  F ,  85 p e r  c e n t  r e l a t i v e  
h u m i d i t y .
3Means not having a le tte r  in common are s ta tis t ic a lly  
d ifferent at the .05 level o f  significance.
1 2 3
TABLE XXX
MEAN EMERGENCE, VIGOR, AND YIELD OF RED LASODA PLANTS AS 
















17 100 a 13 4.25 a4 15 3.72 a
13 100 a 14 4.00 ah 9 2.42 a
4 95 a 15 4.00 ab 3 2.17 a
9 95 a 7 4.00 ah 6 2.00 a
16 90 a 18 3.75 abc 14 1.87 a
10 90 a 9 3.75 abc 13 1.80 a
12 90 a 12 3.75 abc 12 1.60 a
3 85 a 20 3.75 abc 4 1.57 a
15 85 a 4 3.50 abc 18 1.52 a
11 85 a 16 3.50 abc 7 1.50 a
14 80 a 19 3.50 abc 20 1.50 a
8 80 a 11 3.50 abc 6 1.35 a
19 80 a 2 3.25 be 8 1.32 a
18 80 a 6 3.25 be 11 1.32 a
5 70 a 8 3.25 be 19 1.27 a
2 70 a 17 3.25 be 2 1.15 a
20 70 a 18 3.25 be 5 1.05 a
1 65 a 5 3.00 c 1 0.82 a
7 65 a 1 3.00 c 17 0.72 a
6 60 a 6 3.00 c 10 0.62 a
Treatments^
1) acetic acid at 1000 ppm
2) acetic acid at 5000 ppm ( c o n t in u e d )



















chlorogenic acid at 1000 ppm 
potassium hydroxide at 1000 ppm 
potassium hydroxide at 5000 ppm
UC 22463- 3,4-dichlorogenzyl roethylcarbamate (•'Rowmate*') at 1000 ppm 
sucrose at 1000 ppm
Bolyrara- A complex mixture of ethylene bis dicarbamic acid, zinc salts and 
sulfides, 7% dust
ADP- adenoside diphosphate sodium at 1000 ppm
AMP- adenosine 5* monophosphate dihydrate at 1000 ppm
ATP- adenosine 5' triphosphate, dibarium 4 H? 0 at 1000 ppm
DPN- nicotinamide adenine dinucleotide at lOoO ppm
DPNH- nicotinamide adenine dinucleotide (reduced) at 1000 ppm
Ethrel- 2-chloroethane phosphonic acid at 2500 ppm
Ethrel- 2-chloroethane phosphonic acid at 5000 ppm
Ethrel- 2-chloroethane phosphonic acid at 7500 ppm
Morsodren- cyano (methyl mercuric) quanidine at 100 ppm
HADPH- nicotinamide adenime dinucleotide phosphate (reduced) at 1000 ppm
TPP- thiamine pyrophosphate chloride at 1000 ppm
Check- nontreated cut seed pieces
Treatments ;-7 were applied as 30-minute soaks
Treatments 9-19 were applied as instant dips
2Plant vigors rated according to an arbitary scale from 1-5 in which is is the 
least vigorous and 5 is the most vigorous.
JTuiber yields expressed in average pounds per treatment.
A^
Means not having a le tter in comnon are sta tis tica lly  different at the .05 level 
of significance.
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was rated, i t  was observed that the soundest seed pieces 
were obtained from 5000 ppm acetic acid, UC22463, Polyram, 
ADP, DPN, DPNH, and Morsodren plots; whereas, no seed 
pieces were found in the 1000 and 5000 ppm potassium 
hydroxide, sucrose, and 7500 ppm Ethrel p lo ts.
E f f e c t s  o f  F a t t y  A c i d  A p p l i c a t i o n
W i t h i n  a  w e e k  a f t e r  t h e  f i r s t  f a t t y  a c i d  s t u d y  w a s  
i n i t i a t e d ,  s e e d  p i e c e s  w h ic h  h a d  b e e n  t r e a t e d  w i t h  f a t t y  
a c i d  m a t e r i a l  c o n t a i n e d  i n  a h e x a n e  s o l v e n t  b e g a n  t o  sh o w  
s i g n s  o f  s e v e r e  b r e a k d o w n .  S h o r t l y  t h e r e a f t e r ,  t h e  c u t  
s u r f a c e s  b e c a m e  w a t e r y  a n d  t h e  p a r e n c h y m a t o u s  t i s s u e  b e l o w  
c o l l a p s e d .  As a  r e s u l t ,  t h i s  t e s t  w a s  d i s c o n t i n u e d  
b e f o r e  a n y  r e s u l t s  w e r e  o b t a i n a b l e .
When Red La S od a  s e e d  p i e c e s  w e r e  t  r e a t e d  w i t h  t h e  
c o n c e n t r a t e d  f o r m s  o f  t h e  f a t t y  a c i d s ,  s e v e r a l  r e a d i l y  
o b s e r v a b l e  c h a n g e s  o c c u r r e d ,  o l e i c  a n d  l i n o l e i c  a c i d s  
c a u s e d  t h e  c u t  s u r f a c e s  t o  t u r n  l i g h t  b ro w n  i n  c o l o r .
T h e s e  s u r f a c e s  t h e n  m a i n t a i n e d  a n  o i l y  a p p e a r a n c e  t h r o u g h ­
o u t  t h e  d u r a t i o n  o f  t h e  t e s t .  M y r l s t l c  a n d  p a l m i t i c  a c i d  
t r e a t m e n t s  r e s u l t e d  i n  l a r g e ,  d a r k ,  p i t t e d  r e g i o n s  i n  t h e  
c e n t e r  o f  t h e  s e e d  p i e c e  c u t  s u r f a c e .  S t e a r i c  a c i d  d i d  
n o t  a p p e a r  t o  i n d u c e  a n y  a d v e r s e  c o n d i t i o n s  i n  t h e  s e e d  
p i e c e s  s o  t r e a t e d *
T a b l e  X X XII c o n t a i n s  t h e  r e s u l t s  o f  t h e  s e c t i o n i n g
TABLE XXXI
PER CENT RECOVERY AND CONDITION AT HARVEST OP RED LASODA 
MOTHER SEED1 PIECES AS AFFECTED 
BY CHEMICAL TREATMENTS - 8/12/68
per cent Condition
Chemical 2 seed piece Chemical of recovered
treatments recovered Treatments seed pieces
17 80 2 3.00
3 55 6 3.00
11 55 3 3.00
3 45 9 3.00
1 35 12 3.00
13 35 13 3.00
12 35 17 3.00
9 30 3 2.30
10 30 1 2.00
13 30 11 2.00
7 30 10 1.50
19 20 19 1.50
1 15 14 1.00
6 15 15 1.00
5 10 18 1.00
2 10 20 1.00
14 10 4 0.00
16 10 5 0.00
20 10 7 0.00
15 5 16 0.00
^Mother seed potatoes * the seed pieces that were in itia lly
planted and survived until harvest.
2T r e a t m e n t s *
1) acetic acid at 1000 ppm
2) acetic acid at 5000 ppm
3) chlorogenic acid at 1000 ppm
4) potassium hydroxide at 1000 ppm
5) potassium hydroxide at 5000 ppm
6) UC 22463- 3,4-dichlorobenzyl roethylcarbamate 
("Rowmate”) at 1000 ppm
7) sucrose at 1000 ppm
8) Polyram- A complex mixture of ethylene b is dicarbamic 
acid, rinc sa lts  and sulfides, 796 dust
(continued)
1 2 7
TABLE XXXI ( c o n t i n u e d )
9) ADP- adenoside diphosphate socium at 1000 ppm
10) AMP- adenosine 5' monophosphate dihydrate at 1000 
ppm
11) ATP- adenosine 5’ triphosphate, dibarium 41^0, at 
1000 ppm
12) DPN- nicotinamide adenine dinucleotide at 1000 ppm
13) DPMH- nicotinamide adenine dinucleotide (reduced) 
at 1000 ppm
14) Ethrel- 2-chloroethane phosphonic acid at 2500 ppm
16) Ethrel- 2-chloroethane phosphonic acid at 5000 ppm
16) Ethrel- 2-chloroethane phosphonic acid at 7500 ppm
17) Morsodren- cyano (methly mercuri) quanidine at 1000
ppm '
18) NADPH- nicotinamide adenine dinucleotide phosphate 
(reduced) at 1000 ppm
19) TPP- thiamine pyrophosphate chloride at 1000 ppm
20) Chech- untreated cut seed pieces 
Treatments 1-7 were applied as 30 minute soaks 
Treatment 9-19 were applied as instant dips
3
Condition of the recovered mother seed piece were rated 
according to an arbitrary  scale from 0-3 in which 0 




and staining tests  applied to the fa tty  acid treated cut 
surfaces. No consistent resu lts were obtained in the 
suberin layer measurements between the two treatment dates. 
When seed pieces were treated on June 18, 1968, slight 
significant differences were observed to exist among the 
treatment means. Linoleic acid resulted in the thickest 
suberin layer means, i t ,  however, was not significantly  
thicker than those produced by o leic and myrlstlc acids.
No significant differences in suberin layer means of a l l  
fa tty  acids were recorded in the January 16, 1969 test 
(Table XXXII).
None of the fa tty  acids were superior to the check 
in promoting wound periderm at the June 18, 1968, date. 
However, at the January 16, 1969, date linoleic acid 
induced wound periderm significantly  thicker than a l l  
other treatments.
Weight loss experienced in the fa tty  acid treatments 
is  presented in Table XXXIII. NO differences in per cent 
weight loss among the treatments were recorded for the 
June 18, 1968, te s t . In the January 16, 1969, te s t 
linoleic acid treated seed pieces lost significantly  more 
weight than any of the other seed pieces. They were also 
observed to lose the most weight in the June 18, 1968, te s t .
TABLE XXXII
MEAN PROTECTIVE LAYERS OF RED LA SODA 
SEED PIECES AS AFFECTED BY FATTY ACID 
TREATMENTS - 6/18/68 and 1/16/69
6/18/69 1/16/69
Mean Mean Mean Mean
suberin wound suberin wound
Fatty acids layer Fatty acids periderm Fatty acids layer Fatty acids periderm
2 3
B 18.23 a A 21.83a A 20.37a B 33.80a
A 17.23 ab C 14.17ab D 15.93a C 21.27 b
C 15.47 abc B 13.20ab E 15.93a A 20.40 b
E 8.83 be D 11.70ab F 14.70a E 10.67 b
F 7.43 be F 11.23ab B 12.40a F 9.43 b
D 5.97 c E 6.77 b C 11.50a D 1 8.43 b
^Concentrated Fatty Acids:
A- oleic acid 
B- linoleic acid 
C- myristic acid 
D- stearic acid 
E- palmitic acid 
F- Nontreated check
Oleic and linoleic acids were spread over the cut surfaces with a camel's hair 
a r t is t 's  brush; whereas, myristic, stearic, and palmitic acids were dusted over
t h e  c u t  s u r f a c e s .  ( c o n t in u e d )
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TABLE XXXII ( c o n t in u e d )
2
Measurements of layer thickness are expressed in microns.
^Means not having a le tter in common are sta tistically  different at the .05 level of 
significance.
TABLE X X X III
WEIGHT LOSS OF RED LASODA SEED PIECES 
AS AFFECTED BY FATTY ACID TREATMENTS - 6/18/68 AND 1/16/69
6/18/68 1/16/69
Fatty acid Mean per cent Fatty acid Mean per cent
treatment** weight lose2 treatment weight loss
B 23.73a3 B 31.28a
C 22.52a A 23.03 b
A 22.25a D 17.48 be
E 21.04a E 16.42 be
F 18.38a F 15.46 c
□ 17.72a C 14.17 c
^Concentrated Fatty Acids:
A* oleic acid 
B« linoleic acid 
O  myristic acid 
D- stearic  acid 
E» palmitic acid 
F» nontreated checks
Oleic and linoleic were spread over the cut surfaces 
with a camel's hair a r t i s t 's  brush; whereas, myristic, 
s tearic , and palmitic were dusted over the cut surfaces.
2
Mean weight Loss » weight loss by fa tty  acid treated seed 
pieces held 1 month at 68 degrees,F, 85 per cent relative 
humidity.
3Means not having a le tte r  in common are s ta tis tic a lly  
different at the .05 level of significance.
1 3 2
1 3 3
Effect of Tuber Maturity on Suberization
The resu lts obtained in the tuber maturity investi­
gation are shown in Table XXXIV* These findings indicated 
that suberin layer formation was unaffected by tuber matu­
r ity  at harvest. The results also indicated that the 
largest wound periderm was incited in seed pieces cut 
from tubers harvested at the ea rlies t date for which r'ata 
are available, May 20, 1968. The amount of wound periderm 
generated at th is date was significantly more than thac pro­
duced at a l l  other dates except May 27, 1968.
The resu lts in Table XXXV pointed out that seed 
pieces cut from tubers harvested on May 20, May 13, and 
May 6 lost significantly more weight than seed pieces cut 
from tubers harvested at a la ter date.
Effect of Nutrition on Suberization
The level of phosphorous and potassium under which 
Red LaSoda tubers were grown did not exert any significant 
influence on their ab ility  to develop suberin layers, 
according to the results in Table XXXVI. The rate of 60- 
120-120 + 32n generated the thickest layers, while 60-120- 
150 + 32n and 60-120-180 + 32n resulted in the thinnest 
layers. The level of phosphorous and potassium f e r t i l i ­
zation did, however, stimulate significant differences in
TABLE XXXIV
MEAN PROTECTIVE LAYERS OF RED LASODA 










5/27/68 12.533a4 5/20/68 36.93a
5/20/68 10.60 a 5/27/68 24.5lab
6/10/68 8.67 a 6/10/68 19.74 b
6/3/68 8.57 a 6/3/68 18.97 b
6/17/68 6.47 a 6/17/68 14.43 b
Mean suberin layer: suberin layers produced by cut seed
pieces stored at 68 degrres F, 85 per cent re lative 
humidity.
2
'Mean wound periderm: wound periderm produced by cut seed 
pieces stored at 68 degrees F, 85 per cent relative 
humidity.
^ M e a s u r e m e n ts  o f  l a y e r  t h i c k n e s s  a r e  e x p r e s s e d  i n  m i c r o n s .
(5/6 and 5/13 dates are missing due to the unavailability 
of the samples for these dates.)
4Means not having a le tte r  in common are s ta tis tic a lly  
different at the .05 level of significance.
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TABLE XXXV
MEAN WEIGHT LOSS OF RED LASODA SEED PIECES AS 
AFFECTED BY TUBER MATURITY (HARVEST DATES)









Hiean weight Loss was determined 30 days a fter storage at 
68 degrees F, 85 per cent relative humidity.
2
M eans not having a  Letter in common are s ta tis tic a lly  
different at the .05 level of significance.
1 3 5
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the thickness of the resulting wound periderm, ihe Level 
of fe rtiliza tio n  responsible for the thickest suberin 
layer resulted in the thinnest wound periderm layer, 
60-120-120 + 32n. The lowest level of potassium was 
noted to induce the largest wound periderm area, 60-120-0 
+ 32N. However, the rates of 60-120-30 + 32N, 60-150-60 
+ 32n, 60-0-60 + 32N, and 60-120-90 + 32n performed 
equally as well. Complete resu lts for a l l  the levels are 
given in Table XXXVI. The weight loss data presented in 
Table XXXVII Illu s tra te s  that 60-0-60 + 32N and 60-120-90 
+ 32n netted significantly higher per cent weight loss than 
any of the other fe rtiliza tio n  levels.
E f f e c t  o f  P l a n t i n g  D a t e  a n d  s e e d  
P i e c e  s p a c i n g
Seed piece spacing and planting date did not produce 
any significant influence on to ta l protective layer develop­
ment in Fed LaSoda seed pieces. The figures in Table XXVIII 
represent the mean values obtained for to ta l protective 
layers and per cent weight loss experienced by seed pieces 
cut from tubers grown under the varying seed piece spacings 
as an average of a l l  planting dates, The six-inch spacing 
netted the largest protective barrier and the 18-inch spacing 
the smallest. The six-inch lots also resulted in seed 
pieces .experiencing significantly more weight loss than
TABLE XXXVI
MEAN PROTECTIVE LAYERS OF RED LASODA SEED PIECES AS AFFECTED BY 
VARYING LEVELS OF PHOSPHOROUS AND POTASSIUM FERTILIZATION - 6/11/68
Fertilization Mean Fertilization Mean uound .





























fe r ti l iza tio n  levels expressed in pounds per acre:
Levels N P K
A, 60 - 0 - 60 + 32n
Bf 60 - 30 - 60 + 32n
C, 60 - 60 - 60 + 32N
D, 60 - 90 - 60 + 32N
E, 60 - 120 - 60 + 32N
F# 60 - 150 - 60 + 32n (continued)
TABLE XXXVI ( c o n t in u e d )
G, 60 - 180 - 60 + 32N
H, 60 - 120  - 0 + 32n
I, 60 - 120 - 30 + 32n
J * 60 - 1 2 0  - 60 + 32n
K, 60 - 120 - 90 + 32N
L, 60 - 1 2 0  - 1 2 0 + 32n
M, 60 - 120 - 150 + 32n
N* 60 - 1 2 0  - 180 + 32n
2
Mean suberin iayer= suberin layer produced by cut seed pieces stored at 6 8  degrres F, 
85 per cent relative humidity.
^Mean wound pe rider n*= periderm produced by cut seed pieces stored at 6 8  degrees F, 85 
per cent relative humidity.
4
Measurements of layer thickness expressed in microns.
5Means not having a letter in common are statistically  different at the .05 level of 
significance.
TABLE XXXVII
MEAN WEIGHT LOSS OF RED LASODA SEED PIECES 
AS AFFECTED BY VARYING LEVELS OF 
PHOSPHOROUS AND POTASSIUM FERTILIZATION - 6/11/68















LFertilization levels -  expressed in pound per acre
Levels N P K
A , 60 — 0 — 60 + 32N
B, 60 — 30 - 60 + 32N
c , 60 — 60 — 60 + 32N
D, 60 - 90 - 60 + 32N
E, 60 - 120 - 60 + 32N
F* 60 - 150 - 60 + 32n
G* 60 - 180 - 60 + 32N
H , 60 - 120 - 0 + 32n
I * 60 - 120 — 30 + 32N
J* 60 - 120 - 60 32N
K, 60 — 120 — 90 + 32n
L, 60 — 120 - 120 + 32N
M, 60 - 120 - 150 32 n
N# 60 - 120 - 180 + 32n
2Mean weight Loss of cut seed pieces stored 1 month at 6 8  
degrees F, 85 per cent relative humidity.
3Means not having a le tte r  in common are s ta tis t ic a lly  
different at the .05 level of significance.
1 3 9
TABLE X X X V III
MEAN TOTAL PROTECTIVE LAYER AND WEIGHT LOSS OF RED LASODA 
SEED PIECES AS AFFECTED BY VARYING 
SPACINGS1 AND PLANTING DATES2
S p a c in g s
Mean t o t a l  _ 
p r o t e c t i v e  l a y e r S p a c in g s
Mean p e r  c e n t  
w e i g h t  l o s s
6 22.944a 6 5 6  14.51 a
12 20.97 a 18 13.45 ab
18 19.32 a 1 2 . 12.34 b
^ -S p a c in g s: S e e d  p o t a t o e s  w e r e p l a n t e d  a t s p a c i n g s  of 6 ,
1 2 , and 18 Inches apart per planting date.
2Planting datei seed potatoes were planted at each of 
the spacing on 1/24/68, 2/14/68, and 3/13/68.
3Total protective layer: The entire healed over layer of
the cut surface including both the suberin layer and the 
periderm.
A^Measurements of to ta l layer thicXness expressed in microns 
as an average of a l l  planting dates.
Measurements of mean per cent weight loss was determined 
30 days after storage at 6 8  degrees F, 85 per cent relative 
humidity.
6Means not having a le tte r  in common are s ta t is t ic a lly  
different at the .05 level of significance.
1 4 0
1 4 1
those from the 1 2 -inch spacing, but not to those from the 
L8 -inch lo ts.
Effects of systemic insecticides 
on Suberization
The resulting tubers from a tes t using Temik and
Phorate at the rates of 1, 2, and 3 pounds of active
ingredient per acre were used In studying their effect on
suberization. No true differences in thickness of the
suberin layer, wound periderm, and per cent weight loss
were obtained from any of the dose rates of Temik or
Phorate. However, in most cases, the check treatment
resulted in the largest layer types (Tables XXIX# XL,
X l i l )  .
Layer Identification and Merit Studies
The tes t to determine which concentrations of 
acetic acid and potassium hydroxide would stimulate the 
most desirable cut surface indicated that 5000 ppm acetic 
acid resulted in layers almost identical to those induced 
by 2000 ppm potassium hydroxide. At these concentrations 
a thick, uniform, white layer occurred over the entire cut 
surface.within two days of treatment. The c r i t ic a l  con­
centration at which the stimulatory effect of potassium 
hydroxide or acetic acid would be generated was observed 
to lie  between 1 0 0 0  and 2 0 0 0  ppm. Instant dips of 1 0 0 0 ,
TABLE XXXIX
MEAN SUBERIN LAYERS PRODUCED BY SEED PIECES CUT FROM
RED LASODA AND LACHIPPER TUBERS GROWN IN A TEMIK


















4 9.053a4 4 11.27a 4 11.27a 4 11.27a
1 7.03 a 3 9.50a 2 9.78a 2 11.03a
2 7.03 a 2 8.60a I 9.27a 1 10.80a
3 6.82 a 1 8 * 43a 3 9.05a 3 8.38a
Temik: (systemic insecticide) 2 methyl-2(methyIthio) propionaldehyde-o-(methyl-
carbamayl) ocime.
D ose  r a t e s :
R a te  1 - 1  pound o f  a c t i v e  i n g r e d i e n t  p e r  a c r e  
R a te  2 - 2  p ou n d s o f  a c t i v e  i n g r e d i e n t  p e r  a c r e  
R a te  3 - 3  p ou n d s o f  a c t i v e  i n g r e d i e n t  p e r  a c r e  
R a te  4 - n o n t r e a t e d  c h e c k s
2
P h o r a te :  A systemic insecticide comprised of 0,0-diethyl S-(ethylthio)-methyl
phosphorodithioate ("Thimet")
^ M easurem ents o f  l a y e r  t h i c k n e s s  a r e  e x p r e s s e d  in  m ic r o n s .
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TABLE XXXIX ( c o n t in u e d )
4
Means not having a letter in common are sta tis tica lly  different at the .05 level 
of significance.
TABLE XL
MEAN PERIDERM PRODUCED BY SEED PIECES CUT PROM RED LASODA AND LACHIPPER



















2 10.923a4 4 13.77a 4 9.83a 4 13.77a
4 9.85 a 1 13.08a 3 9.70a 3 13.53a
3 9.71 a 3 13.05a 2 8.61a 1 1 2 . 2 2 a
1 9.45 a 2 12.27a 1 7.75a 2 11.58a
Teraik: (systemic insecticide) 2 methyl-2(methy1thio) propionaldehyde-o-(roethyl-
carbataoyl) ocime.
D ose  r a t e s :
Rate 1 - 1  pound of active ingredient per acre 
Rate 2 - 2  pounds of active ingredient per acre 
Rate 3 - 3  pounds of active ingredient per acre 
Rate 4 - nontreated check
2
Phorate; (systemic insecticide) 0,0-diethyl S -  (ethylthio)-methyl phosphorodithioate 
(" T h im et" )
D ose  r a t e s a r e  t h e  same a s  f o r  T em ik .
^ M easurem ents o f  l a y e r  t h i c k n e s s  a r e  e x p r e s s e d  in  m ic r o n s
TABLE XL ( c o n t in u e d )
^Means not having a le tter in common are sta tistically  different at the .05 level 
of significance.
TABLE XLI
JCAN WEIGHT LOSS BY SEED PIECES CUT FROM RED LA SODA AMD LACHIPPER TUBERS
GROWN IN A TEMIK AND PHORATE TEST -  6 / 1 2 / 6 8
D o se
r a t e
Tem ik^
Red La Soda  
Mean
D ose
r a t e
L aC h ip p er
Mean
D ose
r a t e
F toora te2
Red La So da  
Mean
D ose
r a t e




7.97 a 4 9.55a 1 8.72a 4 9.55a
3 7.82 a 1 7.93a 4 7.97a 2 8.95a
1 7.37 a 3 7.87a 2 7.33a 1 8.17a
2 7.23 a 2 7.70a 3 7.22a 3 8 . 10a
l-Tr.-jv (Systemic insecticide) 3 methyl-2 (methylthio) propionaldehyde-O-(raethyl- 
carbamoyl).
Dose rates:
Rate 1 - 1  pound of active ingredient per acre 
Rate 2 - 2  pounds of active ingredient per acre 
Rate 3 - 3  pounds of active ingredient per acre 
Rate 4 -  nontreated checks
^Ftoorate: (systemic insecticide) 0,0-diethyl S-(ethythio)-methyl phorodithioate
("Thimet").
Dose rates the same as for Temik.
^Measurements of layer thickness are expressed in microns.
^Means not having a le tter in common are sta tistically  different at the .05 level of 
significance.
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2000, 3000, 4000, or 5000 ppm did not produde the "charac­
t e r i s t i c ” layer of the 30-minute soaks of either material.
The results of the analyses for naturally occurring 
potassium content in clones considered to possess varied 
suberization ab il i t ie s  are shown in Table XIilI. Also listed 
in this table are the zinc and magnesium contents. No 
striking differences were observed for inherent potassium 
content among the clones analyzed.
Layer reactions to histological straining are found 
in Table XLIII. Negative reactions were noticed with 
safranin, fast green, anilin blue, crystal violet, and 
lacmoid when preserved tissues were stained. Similar 
results were obtained when fresh tissue was stained with 
the exception that lacmoid reacted positively. Iodine 
staining netted positive results when applied to both 
fresh and preserved tissue.
Scrapings from the "characteristic" layers were 
compared to commercial potato starch. A deep purple color 
resulted when a drop of dilute iodine was applied to both 
the commercial starch and the scrappings.
Hydrolysis was noted to occur when 3-5 drops of 
concentrated sulfuric acid were applied to other samples 
of scrapings and potato starch. The resulting products 
were then readily soluble in water, whereas, non-hydrolyzed 
samples of both materials remained insoluble in both water
TABLE XLXI
MEAN CLONAL DIFFERENCES IN POTASSIUM, MAGNESIUM
AND ZINC CONTENT1





Red LaSoda 0.412 163.03 4.0
LaChipper 0.42 170.0 4.1
L-31-155 • 0.42 163.0 5.4
L-71-16 0.43 163.0 3.4
L-21-60 0.48 163.0 5.4
Analyses conducted by Louisiana State university Feed 
and Fertilizer Laboratory.
2
Expressed as per cent potassium content on the fresh 
weight basis.
^Expressed as ppm on the fresh weight basis.
14S
149
TABLE X L III
REACTIONS OF ‘'CHARACTERISTIC LAYER"1 TO HISTOLOGICAL STAINING
potassium hydroxide treated^ acetic acid treated^
S t a i n s Red LaSoda LaChipper Red La Soda LaChipper
A
Fresh Tissue*
B - - — -
C + 5 + + +
D + + + +
E _6 - - -
F - - - —
S t a i n s
A
Preserved Tissue*
B - - - -
C + + + +
0 - - — -
E - - — -
F - - - -
( c o n t in u e d )
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TABLE X L II1  ( c o n t i n u e d )
^Characteristic layer or that layer observed to be produced consistly by 30 minute 
soaks of potassium hydroxide, acetic acid, UC 22463, and linoleic acid.
2
Cut Red baSoda and LaChipper seed pieces treated with 2000 ppm potassium hydroxide 
as 30 minute soaks.
^Cut seed pieces treated with 5000 ppm acetic acid as 30 minute soaks.
4Stalns (25, 33, 37, 6 6 )»
Stain A** hand sections of characteristic layers flooded with 1.0 per cent aqueous 
crystal violet for 5 minutes, cleared in 18 per cent HCI, rinsed in ethanol 
and then in water. (Suberin positive)
Stain B- hand sections of characteristic layer flooded with 1.0 per cent safranin 
in cellosolve for 5 minutes, cleared in ethanol for 3 minutes and in 18 per 
cent HCI for 1 minute. (Suberin positive)
Stain C- hand sections of characteristic layer flooded with 1.0 per cent iodine for 
30-40 seconds, washed 2-3 minutes in ethanol and rinsed in water, (starch positive) 
Stain D- hand sections placed in 0,1 per cent lacmoid for 2-3 days, then rinsed in 
water (callose positive).
Stain E- 0.005 per cent anilin blue applied in the same manner as Stain D. (callose 
positive)
Stain F- 1.0 per cent fast green in cellosolve applied in the same manner as Stain B. 
(parenchyma positive)
positive reaction to stain.
**A negative reaction to stain.
*Stains were applied to fresh tissue and to tissue that had been fixed-killed and 
preserved in 70 per cent methanol - 10 per cent formalin.
1 5 1
and 95 per cent methanol.
Massed clonal samples bulk treated with 2000 ppm 
potassium hydroxide were found to be free of decay after 
a two-month storage duration. A similar sample, bulk- 
treated with 5000 ppm acetic acid, resulted in 5 per cent 
of the seed pieces showing signs of decay. A corresponding 
check lot was also noted to be decay-free at the end of 
the storage period. When 40 seed pieces of Red LaSoda 
and LaChipper were bulk-treated with 2000 ppm potassium 
hydroxide, 5 and 15 per cent of the seed pieces, respec­
tively , were decayed after 2 months of storage; whereas, 
only 2.5 and 5 per cent of the Red LaSoda and LaChipper 
checks experienced decay. I t  was noted that the organism 
responsible for decay in this test was Rhizopus sp. , an 
organism not normally a problem in potatoes.
No significant differences were observed between 
the cut surfaces of seed pieces treated with 2 0 0 0  ppm 
potassium hydroxide or 5000 ppm acetic acid and the non­
treated checks when they were stored at 40 degrees F 
immediately after cutting and treating.
In testing the ab ility  of layers induced by potas­
sium hydroxide and acetic acid to res is t pathogenic attack, 
i t  was found that 55 per cent of the potassium hydroxide 
treated seed pieces and 49.9 per cent of the acetic acid
1 5 2
treated eeed pieces decayed upon inoculation with soft rot 
organisms, as compared to 16.67 per cent of the non-treated 
checks. Zt was also noted in this te s t that decay was not 
the result of soft rot infection.
The mode or direction of formation of the layers in 
question (case-hardened areas) was also investigated* Upon 
removal of the healed over region from cut seed pieces con­
taining both normally suberized and case-hardened regions, 
the distance from the cut surfaces to a line drawn one cm 
below and parallel to the cut surface prior to treatment 
was greatly reduced in the case-hardened areas. The mean 
distance after removal of the healed over layer from the 
cut surface to the parallel line was 0.91 cm in the normally 
suberized area and 0.68 cm in the case-hardened area.
Plates 5, 6, and 7 i l lu s tra te  death and subsequent 
layer development of Red LaSoda seed pieces 30-minute 
soaked in UC22463. Similar occurrences resulted from 
potassium hydroxide and acetic acid treated cut surfaces. 
Remnants o f  cell walls can be seen contained within the layers. 
Plate 8, showing a similar condition occurring naturally 
in the broken ends of sweet potato roots.
Possible Procedure for Screening 
Suberization Ability of F irst Year Clones
The squeeze tes t of October 10, 1968, resulted in a
»P l a t e  5 .- T i s s u e  s e c t i o n s  o f  UC22463 t r e a t e d  Red LaSoda 
p o t a t o  a f t e r  24 h o u r s ,  X45. S e c t i o n  s h o w i n g  the i n i t i a ­
t i o n  o f  a  c a s e - h a r d e n e d  l a y e r  f o r m i n g  o v e r  s e e d  p i e c e  
c u t  s u r f a c e s  w h e n  s o a k e d  30 m i n u t e s  i n  1000 ppm UC22463 
e t c .  T h e  u p p e r  10 o r  m o r e  c e l l  l a y e r s  i n d i c a t e  i n j u r y  
a n d  s u b s e q u e n t  d e a t h s  o f  t h e s e  c e l l s .  ( N o t e  t h e  s m a l l  
c e l l  s i z e  i n  t h i s  a r e a ) .
15 3
P l a t e  6 . - T i s s u e  s e c t i o n  o f  UC22463 t r e a t e d  R ed  L a S o d a  
p o t a t o  a f t e r  72 h o u r s , X45. S e c t i o n  s h o w i n g  t h e  
d e v e l o p m e n t  o f  a  c a s e - h a r d e n e d  l a y e r  o v e r  s e e d  p i e c e  
c u t  s u r f a c e  w h e n  s o a k e d  30 m i n u t e s  i n  1000 ppm 
UC22463 e t c .  u p p e r  h a l f  o f  t h e  t i s s u e  s e c t i o n  i n d i c a t e s  
c e l l  w a l l  c o l l a p s e  a n d  s t a r c h  g r a i n  i n t e n s i f i c a t i o n .
1 5 4
Plate 7.-Tissue section of UC224G3 treated Red LaSoda 
potato a fter 1 week, X45. Section showing a case- 
hardened layer formed over seed piece cut surfaces 
when soaked 30 minutes in 1000 ppm UC22463 etc.
The darkened area  in d ic a t e s  th e  case-h ard en ed  
la y e r  o f  s ta r c h  g r a in s  and c e l l  w a l l  rem nants.
1 5 5
Plate 8 . -Tissue section of a sweet potato root after 
o n e  month, X 4 5 .  section showing cell wall collapse 
and starch intensification occurring naturally in 
healed over broken root ends.
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noticeable association between seed piece surface cracking 
and sectioning and staining for suberin deposits. However, 
at best, i t  was only a very slight association. Surface
cracking was evident in a l l  clones a fter 60 hours. Some
cracking was evident in LaChipper as early as 48 hours;
however, the results of the sectioning and staining data
indicated that suberin layers were further developed in 
Red La Soda seed pieces than in LaChipper seed pieces after 
48 hours. Surface cracking was also found to occur after 
60 hours when the test was repeated on December 17, 1968.
No association was noticeable between surface cracking and 
stained suberin layers during this testing period.
CHAPTER XV
DISCUSSION
Priestly and Woffenden, as described by Wright and 
Peacock (94) , stated that during wound healing of potato 
tubers an impermeable deposit is  formed around and between 
the ce ll walls beneath the cut surface. The resulting 
suberin layer, bu ilt up by the oxidation and condensation 
of fatty  acids, served to block the region beneath the 
wounded surface and to protect i t  from penetration by patho­
genic organisms. According to Esau (21) , the phenomenon of 
impregnating the cell walls with suberin is  known as suberi­
zation. The suberization and corking over of cut seed pieces 
has become a recommended and necessary practice whenever cut 
seed pieces are to be stored before planting (27).
Several conditions, believed to exert an influence on 
suberization, were investigated in th is study in an attempt 
to effic ien tly  promote i t s  occurrence in cut seed pieces.
The clones used for most of the investigations were chosen 
because they were believed to represent a wide range of 
inherent suberization a b il i t ie s .  Based on past performance 
under both storage and field  conditions, LaChipper, Red 
LaSoda, L-22-112, and L-31-155 tubers were selected as 
representative of good, intermediate, and poor suberization
158
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a b il i t ie s .
The influence of storage temperature and humidity on 
suberization has well been established (72, 53). In this 
te s t ,  clonal differences were not significant when tubers 
of the te s t  clones were observed for weight loss in 40 
degrees F, 85 per cent relative humidity storage. However, 
LaChipper tubers showed the least amount of weight loss.
In the past this clone usually retained i t s  original 
quality in storage as long or longer than most clones.
Results similar to that of Wright and Peacock (94) 
were secured in the tes t in which the effect of varying 
storage temperatures on cut seed pieces was observed. Red 
LaSoda and L-22-112 seed pieces displayed somewhat similar 
responses to the varying temperature conditions. However, 
Red LaSoda seed pieces experienced their greatest loss when 
stored at 40 degrees F, 85 per cent relative humidity; 
whereas, L-22-112 lost the most weight when held in common 
storage (approximately 80 degrees F, 45 per cent relative 
humidity). Red LaSoda seed pieces did not show as severe 
weight loss in common storage as did L-22-112 because the 
humidity (approximately 75 per cent) was much higher under . 
these conditions when the tes t with Red LaSoda was con­
ducted.
Desiccation of the seed pieces of both clones held
1 6 0
under common storage conditions was noted. These seed pieces 
possessed false cicatrices similar to those observed by Rose 
and Schomer (69). The 6 8  degrees F, 85 per cent relative 
humidity storage was observed to be the most effective for 
promoting suberization, as has been recommended (6 8 , 93).
Hcrklots (28) concluded that the formation of a suberin 
block in healing potato wounds was dependent upon the oxygen 
supply. Waterlogged fields following planting seriously 
limits the oxygen available to seed pieces and usually 
results in their breakdown. Low oxygen supplies have been 
demonstrated to exhibit an inhibitory effect on wound peri­
derm formation (48). When simulated conditions of limited 
oxygen supply were investigated, a very definite clonal 
response was observed. As stated ea rlie r , the variety 
LaChipper was selected as a representative of good suberi­
zation ab ility . However, Red LaSoda seed pieces required 
nearly two weeks longer than LaChipper seed pieces to show 
signs of breakdown and collapse. L-31-155 was observed to 
be the least able to re s is t  a stress of this nature.
L-21-60, a clone which invariably showed poor stands under 
field conditions, was not significantly different from Red 
LaSoda in i t s  ab ility  to res is t a limited oxygen stress.
Under the conditions of this experiment, the per cent 
dry matter for LaChipper was found to be unusually low
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(13.92). Consequently, both Red LaSoda and L-22-112 had 
significantly greater per cent to tal solids than LaChipper.
Stained sections used to observe suberization and 
wound periderm development in the te s t  clones showed no 
true clonal differences, contrary to the observations that 
prompted their selection for use in th is study. Therefore, 
i t  is speculated that suberization alone is not responsible 
for good keeping quality in stored or planted seed pieces, 
since seed piece decay occurred earlie r  in some clones than 
others when exposed to conditions of oxygen stress. Obser­
vations such as these, by this writer, have suggested that 
when breakdown occurs, changes in the internal composition 
of potato tubers are triggered by a factor, or factors, of 
the external environment regardless of the degree of 
suberization. The low to ta l solids expressed by LaChipper 
in the above study is speculated to be an illu s tra tion  of 
th is .
Per cent seed piece decay, a fter inoculation with E. 
carotovora, used to rate the influence of storage duration 
on suberization of the te s t  clones, showed that the 
L-31-155 seed pieces produced signs of decay when they were 
cut from tubers stored for 1, 3, and S months at 40 degrees 
F, 85 per cent relative humidity, prior to cutting. These 
results are similar to the results of Smart (82), who
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reported suberin and periderm development in potatoes to be 
slower a fter 3 or € months of storage at 40 degrees F than 
when they were stored 1 and 4 months at 4 0 degrees F. Smith 
and Smart (84) also showed that no differences in the rate 
of suberization of cut tubers occurred between 5H and 3 
months of storage. The use of E. carotovora inoculation to 
determine the occurrence of suberization was not found to be 
effective as described by Smith (81). The reason is be­
lieved to l ie  in the fact that the seed pieces were not 
inoculated until one month after cutting. This period was 
too long. However, because these same seed pieces were 
being observed for weight loss during this period, due to 
lack of sufficient tubers, a period of this length was 
unavoidable.
Weiss e t .  a l . (92) have suggested that rapid suberi­
zation is  a character that might well be sought in the 
development of new varieties and performance in th is  respect 
should be known before a new seedling is considered worthy 
of release. At Louisiana State University keeping quality 
and suberization ab ility  are major objectives of the potato 
breeding program. Screening for poor suberization ability  
based on per cent seed piece- decay after E. carotovora 
inoculation, plant emergence, and to ta l dry matter content 
of each clone was found not to be severe enough to screen
out those clones possessing slightly  less than average 
suberization ab ility . When these results were considered, 
only four clones, L-71-79, L-179, L-71-194 and L-71-195, 
out of approximately 2 0 0  clones, were rated as inferior in 
suberization ab ility . In a population of this size one 
would not normally expect to find 196 clones having good 
suberization ability  as the data might tend to imply.
However, because the potato is vegetatively propagated, 
only those clones that have at least some ab ility  to 
suberize and to store well will survive. Also, the clones 
that are retained in the breeding program have been 
selected for these characters for a number of years. The 
four clones that were rated inferior in suberization 
ability  were originally intended for use in other suberi­
zation studies; but, because they were f i r s t  year clones of 
poor quality, a sufficient supply of these tubers was 
unattainable.
During the course of this study, 46 chemical compounds 
were observed for their effectiveness as chemical suberins. 
The materials investigated were comprised primarily of 
growth regulators, fatty acids, and co-enzymes.
The January 27, June 26, and September 4, 1967 suberi­
zation studies were conducted primarily as preliminary te s ts .  
I t  was anticipated that the results of these tests  would
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enable the selection of several possible chemical suberins 
that could be included in a detailed study in which suberi­
zation induction was the major objective. Selection of the 
possible suberins was based on the appearance of the 
resulting cut surfaces of seed pieces treated with these 
materials. A criterio" for selection of this type was 
thought to be sufficient in preliminary tests  because i t  
was assumed that good cut surface quality would resu lt in 
firm, disease-free seed pieces.
In a ll  three of the screening tests conducted during 
1967, only chlorogenic acid, Geigv 65-14260, and Eptam 
resulted in cut surfaces possessing good color and intense 
powdoriness and being devoid of shriveling, molding, and 
decay. Livingston (46) and Simonds e t . a l . (79) implied 
that powdery cut surfaces, or those containing bound starch, 
were better able to withstand pathogenic attack. Simonds 
e t . a l . (79, 80) also observed chlorogenic acid treated 
seed pieces possessed wound coverings of almost natural 
color.
When the chemicals screened in the January 27, 196 7 
suberization study were applied to both Red LaSoda and 
LaChipper seed pieces, more surface p itting , weight loss, 
and decay were evident in the LaChipper seed pieces than 
in the Red LaSoda seed pieces. Clayton (12) found that
many of the chemicals he applied to tuber cut surfaces 
actually promoted decay. This was the case when Off 
Shoot-O was used in the June 26, 1967 suberization study. 
Craft and Audia (14) reported that gibberellic acid and 
CIPC resulted in inhibition of wound periderm, whether 
applied separately or in combination with each other.
CIPC also proved to be valueless in this study. No advan­
tageous influences on cut surfaces were recorded when 
gibberellic acid was used alone or in combination with 
other materials. I t  was noticed, however, that the per 
cent plant emergence slightly  increased with the addition 
of 3 ppm gibberellic acid to some of the treatments. I t  
was believed that gibberellic acid displayed i t s  effect 
on sprouting of the seed pieces rather than on the suberi­
zation of the cut surfaces. The reported effect of kinetin 
(61) resulting in increased cell size and number could not 
be invoked into the parenchyma cells of the cut surfaces in 
this experiment. Most of the compounds that were discarded 
in the suberization studies conducted in 1967 were elimi­
nated because of their e rra tic  behavior in these studies.
The three methods of applying the chemicals, con­
sidered in the September 4, 1967 suberization study, did 
not appear to greatly influence the appearance of the cut 
surfaces. However, when UC22 46 3 was applied as a 30-minute
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soak, surface discoloration was evident after 5-6 hours.
In the plant emergence data i t  was also noted that, 
generally, as the time the seed pieces were allowed to 
remain in a tes t solution increased, the per cent emergence 
decreased. In order for a chemical treatment to be of 
value commercially, i t  must be economical and feasibly 
applied, with no adverse influence on the seed pieces being 
treated. Therefore, chemical treatment of seed pieces 
would almost have to be done by instant dipping.
The procedures used in the sectioning and staining 
tests were applied with the intent of providing as severe 
a criterion as possible to evaluate the effectiveness of 
the treatments under consideration. As a resu lt, three 
types of  measurements were secured in order to rate the 
effect of chemical applications whenever possibles
suberin layers, or that region resulting in a positive
reaction with crystal violet; wound periderm, the layer of 
actively dividing cells located beneath the suberin layer; 
and to ta l layer, or a combined measurement of suberin layer 
and wound periderm plus any other noticeable layer that may
have been induced, as was evident in the 30-minute UC224 63
treatments.
Sections observed for the presence of suberin and 
wound periderm were taken from the center of the cut
surfaces. According to Weimer and Harter (91) suberization 
occurred more rapidly in the vascular region. They also 
reported that periderm development was not as well defined 
in the center of the cut surface as it was in the peripher­
al portion. Zucker (97) reported that tissue taken from 
the inner core of the potato tuber contained less chloro­
genic acid than corresponding samples from the peripheral 
region. This was illustrated by Craft et. al. (16) who 
found only 3 mg or less/100 g fresh weight from the center 
of the tuber as compared to 15 mg or less/100 g from the 
outer portions. Therefore, no matter what the role of 
chlorogenic acid in the defense mechanisms of tubers to 
pathogens, the most susceptible region of the cut surface 
is the center. Consequently, if a substance can stimulate 
thicker suberin and periderm layers in this region, it 
would certainly be an effective suberin.
Reeve (6 7) found that the use of sections cut from 
paraffin-embedded samples contained compression artifacts, 
making it difficult to obtain true cell size. In this study 
all suberin layer and wound periderm development ratings 
were secured from hand sections of tissue samples.
Although the first sections were cut 24 hours after 
treatment, these data for the June 4, 1968 suberization 
study were omitted because no measurable suberin layers were
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visible. When this tost was repeated on August 15, 1968, 
measurable layers were visible at this interval. The first 
signs of wound periderm were not noticed in any measurable 
degree until 96 hours from treatment had elapsed. Conse­
quently, data for total layers are based on the 96-hour and 
the one-week intervals only.
The results indicated that the only compound to show a 
consistent favorable effect on suberization was a 7 per 
cent Polyram dust treatment. In all clones Polyram 
resulted in suberin layers that were usually thicker than 
those of the check, although not always significantly so. 
This was especially evident at the 96-hour and the one-week 
intervals.
In total layer production the effect stimulated by 
Polyram was observed to be slower than that on suberin 
layer production. In most instances it did not result in 
the thickest layer until one week after treatment. Slow 
production of a thick periderm may be a weakness of Polyram. 
Weiss et, al^  (92) stated that with certain organisms, such 
as Fusarium coeruleum, suberization alone afforded no pro­
tection but only after wound periderm formation was at 
least well begun could protection be achieved. Wilson and 
Hunter (93) reported that no shriveling, desiccation 
surface sticking, breakdown, or rots were found after two
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months of bulk storage when seed pieces were treated with 
Polyram. Because Polyram was applied as a 7 per cent dust, 
its results were only compared with the instantly dipped 
treatments. Acetic acid at 5000 ppm was found to perform 
equally as well as Polyram in total layer production one 
week after treatment when it was included in the test. As 
pointed out earlier, suberin exists as a complex of fatty 
acids in plants. Therefore, because acetic acid can become 
directly involved in fatty acid synthesis or, possibly used 
as a source of acetyl CoA and thereby becoming involved in 
the respiratory conversion of starch to fatty acids, this 
compound should merit consideration in future suberization 
studies.
The sugars, glucose and sucrose, were included in this 
study with the anticipation that they would stimulate 
chlorogenic acid or fatty acid synthesis, as reported by 
Zucker (97) and Beavers (6). In this study these materials 
were found to be too inconsistent to be able to draw any 
conclusions concerning their effect on suberization.
Erratic behavior was discovered in most of the other 
materials considered in this test. Much of the inconsistent 
behavior shown in the layer measuremnts within a treatment, 
from interval to interval, can be attributed to procedural 
error. Since ratings were based on layer measurements, the
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angle at which the cut was made in securing the sections 
for measurement displayed an influence on the observable 
thickness. Also, the inconsistency always present in 
histological staining, as pointed out by Siegel (78) can 
result in problems of this type. He stated that most 
histological staining methods which have been used in 
studies of various plant cells and tissues lack the 
specificity of reliable microchemical reagents. There is 
a great dependency of staining reactions on tissue and 
environmental conditions, and the frequent reversal of 
staining affinities casts doubts on the general value of 
these dyes.
Varietal differences did not seem to play a major 
role in layer thickness produced by any of the treatments. 
However, the least responsive clone, as far as signifi­
cance of chemical effect, was found to be L-31-155, the 
one originally chosen as a poor suberizer. It was noticed 
that the action of the chemicals on suberin layers was 
independent of that on periderm in stimulating increased 
thickness. It was also observed that the 30-minute soak 
treatments usually resulted in layers slightly thinner 
than those produced by seed pieces instantly dipped. Even 
though the UC22 463 treatments did experience a sharp 
increase in thickness of total layers when applied as a
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30-minute soak, its effect was not one stimulating periderm 
production but, rather, it was the result of stimulating 
the production of a "characteristic" layer to occur. This 
so called "characteristic" layer was found to be comprised 
primarily of starch grains and cell wall remnants. This 
observation is supported by the results of both histologi­
cal and chemical tests. The only stain giving a true 
positive reaction was iodine. This dye stains starch 
grains purple. The application of iodine to sections cut 
from the region of the "characteristic" layer resulted in 
a deep purple layer in this area. Scrapings from the 
"characteristic" layers were hydrolyzed in a manner 
characteristic of starch to glucose hydrolysis.
It is postulated that this "characteristic" layer 
resulted from a reaction similar to that described by 
Zimmerman (95). He stated that starch is entirely insolu­
ble in cold water, but in hot water it first suffers 
strong swelling, and on boiling it passes completely into 
solution (paste). Caustic potash also causes a marked 
swelling and finally complete solution of the starch qrains, 
or, conversion into paste. This writer designated this 
occurrence simply as paste formation. When paste formation 
of the starch grains contained in the outer several cell 
layers of the cut surface occurred, subsequent drying
resulted in a case-hardened layer. Support for this theory 
was derived from the observation that either high concen­
trations or lengthy exposure to lower concentrations of 
potassium hydroxide induced a similar result. The 
occurrence of this reaction as such was obvious upon 
removal of an entire healed-over surface of a seed half, of 
which only a portion was allowed to form paste.
Because starch has been reported to be essential to 
the potato in its defense against pathogenic attack (42, 46), 
an attempt to control the paste formation reaction was 
undertaken. The layers produced by 2000 ppm potassium 
hydroxide and 5000 ppm acetic acid applied as a 30-minute 
soak were of very desirable appearance. These treatments 
did not seem to display any detrimental effect on sprouting 
of the seed pieces; however, when plant emergence of so 
treated seed pieces was checked, a slight reduction below 
the level of the control was noticed. Although tests indi­
cated that these layers will afford protection against soft 
rot, E^. carotovora, they seemed to provide an ample 
substrate for Rhlzopus sp., an organism not normally a 
problem in potatoes. However, this is the causal organism 
of soft rot in sweet potatoes. The plates depicting the 
similarity between the induced layer in the Irish potato 
and the normally occurring layer in the broken ends of the
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sweat potato may offer an explanation of why Phizopus sp, 
became a problem in seed pieces treated with potassium 
hydroxide, etc. A readily available sub&trate was present 
in both instances - starch. Therefore, the layer removed 
one variable (infection by E. carotovora) and introduced 
another variable (infection by Rhizopus sp.).
Grigg (24) found Perchlorin, granular 70 per cent 
calcium hypochlorite, to be effective in wound healing of 
tuber cut surfaces. He attributed this to the effect pro­
duced by chlorine contained in Perchlorin; perhaps the 
effect was in part due to the calcium, acting much in the 
manner of potassium hydroxide in this test. Certain concen­
trations of acetic acid appeared to display a favorable 
influence on wound periderm formation, but further 
investigation is needed in order to harness the advantageous 
effect of the case-hardened layer and eliminate its 
attractiveness to Rhizopus sp.
Of the co-enzymes observed in this study only ADP 
showed superiority to the check when comparing thickness of 
layer formation. This material resulted in the thickest 
suberin layers in the test where it was included. However, 
it also resulted in the thinnest wound periderm. ATP was 
observed to perform as well as the most effective compound 
in the production of all layer types and to induce favorable
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plant emergence. It is very likely that either ADP or ATP, 
or both, arc involved in keeping quality or in the nubori- 
zation process in a major role. It has been shown that 
suberin contained in the cell walls of healed-over cut 
surfaces is comprised of a complex of fatty acids (13, 29, 
87) . According to Meyer and Anderson (51) , fatty acid 
molecules are derived from carbohydrates as a result of the 
complicated series of chemical reactions that occur in 
respiration, most of which are dependent on the energy 
resulting from the reactions involving these co-enzymes.
Oleic, linoleic, stearic, myristic, and palmitic acids 
have been reported to be the major fatty acids present in 
the potato (13, 29, 87). When these compounds were applied 
to cut seed pieces, very inconsistent results were obtained. 
The inconsistency is attributed primarily to the problems 
encountered with their application. Those existing in a 
solid state were unevenly applied and those in the liquid 
state incited the occurrence of a slight.case-hardened 
layer. As a result the methods used in this test to 
determine which of the fatty acids were the most essential 
to suberization were d emed ineffective for this purpose.
The literature contains a vast amount of information 
describing the effects of environmental conditions, such as 
temperature and humidity, on the rate and extent of
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suberization (3, 21, 22, 53). On the other hand, researchers 
have paid considerably less attention to the influences on 
suberization by the other cultural practices employed during 
commercial potato production. Investigation of a few such 
practices in this study indicated that cultural practices, 
such as fertilization, may exert an influential role in wound 
healing. Levels of phosphorous and potassium fertilization 
were found not to induce true differences in suberin layer 
production; however, low potassium levels did appear to 
stimulate a favorable effect in wound periderm formation.
The lowest level of potassium containing fertilizer aopli- 
cations generated the thickest wound periderm. This effect 
appeared to be reduced as the level of potassium increased.
In tuber analyses made by the Louisiana State University 
Feed and Fertilizer Laboratory on clones suspected to have 
a wide range in suberization ability, L-21-60, a clone 
supposedly poor in keeping ability, was found to have the 
highest potassium content, and Fed LaSoda, a clone shown to 
be the most efficient suberizer in this test, the lowest 
potassium content. Jaffe (32) reported that irradiated 
tubers grown under deficient Ca, K, P, or Bo produced more 
lignin than complete substrate controls. This writer is of 
the opinion that further consideration should be given to 
tho above findings to determine if there is actually an
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association between wound periderm formation and potassium 
content of the tubers as influenced by fertilization 
practices.
Although no true differences in suberin layers were 
found in tubers harvested from any of the dates considered 
in this study, wound periderm formation did result in some 
real differences. Tubers from the earliest dates for which 
data were available tended to have the thickest periderm 
and those from the latest dates, the thinnest periderm. 
Lombard (47), reporting on the work of Olufsen, claimed 
that immature tubers reacted to wounding faster than mature 
tubers. None of the other cultural practices observed 
appeared to hav'' any significant effect on suberization and 
wound periderm formation.
Because of the magnitude of the potato breedinq program 
at Louisiana State University, screening for suberization 
ability, like any other character, becomes a difficult task. 
Suberization generally requires 60 hours or more to become 
readily evident. After this length of time the cell walls 
become impregnated with suberin, rendering them brittle. 
Therefore, when any form of pressure is applied to a 
suberized layer, it will shatter. An attempt was made to 
utilize the above observation to develop a rapid technique 
for evaluating first-year clones for ability to suberize.
The results did not show any conclusive evidence that 
shattering of the suberin layer with pressure could be 
adapted as a screening technique. Perhaps if a few 
variables were eliminated, the technique could be utilized.
A few suggestions that might prove to be helpful if this 
procedure were further investigated are: use tubers of the
same size for cutting the seed pieces; develop a rating 
system that would correlate surface cracking with shattering 
be precise and consistent in selectina an area of che cut 
surface to apply the pressure and secure the samples for 
sectioning; and use microtomed sections {!?> microns in 
thickness) for observations of layer development.
CHAPTER V
SUMMARY AND CONCLUSIONS
Suberization, or the impregnation of cut surface 
cell walls with suberin, is of utmost importance in suc­
cessful potato production. In this study, several 
conditions were investigated with the anticipation of 
inducing suberization to occur more effectively within 
potato cut seed pieces.
Tests were conducted to observe the effect of various 
storage temperatures and humidities on Red LaSoda and 
L-22-112 seed pieces. Forty degrees F, 85 per cent 
relative humidity resulted in severe seed piece injury due 
to both low temperature and pathogenic attack. Common 
storage conditions netted the petrification of the seed 
pieces so stored. Of the conditions investigated, 6 8 
degrees F, 85 per cent relative humidity was found to be 
the most desirable for suberization of the clones tested.
When simulated conditions of limited oxygen supply 
were investigated, differences in clonal response were 
observed. Suberized Red LaSoda seed pieces required 
nearly two weeks longer than those of LaChipper required 
to break down. The clone L-21-60, thought to be a poor 
suberizer, was found to be as stable as Red LaSoda.
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Therefore, it was suspected that suberization ability alone 
is not responsible for the expression of good keeping 
quality in stored or planted seed pieces. Support for this 
assumption was derived from the non significant differences 
that occurred among the test clones in suberization and 
wound periderm development, as shown by histological exami­
nations, even though differences in keeping quality in 
storage and field conditions have been observed. Conse­
quently, seed piece breakdown under these conditions is 
assumed to be the result of changes in the internal 
composition of the potato, triggered by a factor, or 
factors, of the external environment over which suberization 
has no control.
Of the approximately 200 clones screened for suberi­
zation ability, only four, L-71-79, L-71-179, L-71-194, and 
L-71-195, were found to be inferior under the conditions of 
this experiment.
During the course of this study 46 chemical compounds 
were observed for their use as possible suberins. The 
observed compounds were primarily growth regulators, fatty 
acids, and co-enzymes.
On the basis of visual observation and sectioning and 
staining seed piece cut surfaces, Polyram, as a 7 per cent 
dust, was shown to be highly effective in promoting
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suberization. However, its effect on wound periderm for­
mation was noticed to be slightly slower than it was on 
suberization. Prom this t:nd other similar observations 
noted in this study, it was concluded that most chemical 
compounds display their effects on suberization and wound 
periderm formation independently. Chlorogenic acid, 
certain concentrations of acetic acid, and Ceiqy 65-14260 
also showed some promise as chemical suberins, but were 
very inconsistent in their effect. The majority of the 
other chemicals were deemed to be uneffective as suberins 
because of their erratic behavior.
None of the fatty acids used in this study were 
observed to display a consistent favorable effect on 
suberization or wound periderm formation.
Of the co-enzymes tested in this study, only ADP and 
ATP resulted in favorable effects. It is almost certain 
that these co-enzymes are directly involved in keeping 
quality or in suberization of seed pieces. Conversion of 
carbohydrates to fatty acids used in suberization is an 
energy requiring process, most of which is derived from 
the reactions involving ADP and ATP.
The stimulation of a "characteristic" layer by certain 
compounds, such as VC22 463, potassium hydroxide, and acetic 
acid, was noticed to occur. On the basis of results obtained
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from histological and chemical tests, this so called 
"characteristic" layer was found to be composed chiefly of 
starch and cell wall remnants. Thus, it was postulated that 
the layer in question resulted from injury to the outer cell 
layers by certain chemicals which caused the starch to paste 
and case-harden upon drying. It was anticipated that this 
case-hardened layer could be adapted for use in walling out 
pathogenic attack; however, the layer resulted in an ideal 
substrate for Rhizopus sp., an organism causing considerable 
damage to stored sweet potatoes but not normally a problem 
in Irish potatoes.
The influences of several cultural practices on suberi­
zation were investigated. Varying levels of phosphorous and 
potassium fertilization were not found to affect suberi­
zation significantly, whereas, the lower levels of potassium 
did stimulate a favorable wound periderm. As a result, 
tubers suspected to possess a wide range of suberization 
abilities were analyzed for potassium content. It was found 
that the clone L-21-60, which invariably showed poor plant 
stands under field conditions, contained the highest 
potassium content. Whereas, Red LaSoda, a clone that usually 
had excellent plant stands, contained the least potassium. 
This writer suggests further study should be conducted in 
order to determine if there is an association between
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suberization and wound periderm formation and the nutrition­
al content of the tuber as influenced by fertilization.
In the tuber maturity test, tubers from the earlier 
harvest dates tended to develop thicl periderm layers than 
those from the later dates.
Other cultural practices such as planting dates and 
seed piece spacing and the use of systemic insecticides did 
not display any significant influence on suberization or 
wound periderm formation.
A need for an effective method of screening first-year 
seedlings was clearly established; however, the attempt at 
developing one made in this study did not prove to be very 
reliable. Further investigation into procedural details 
are needed if an association between cut surface cracking 
by pressure applications and suberization is to be suc­
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